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ABSTRACT

Equations are presented which descrihe the fully cavitat
ing flow of fluid past a flat plate hydrofoil running below a
free surface. Transverse gravity field effects are included
in the analysis. The equations are developed by the use of
complex function theory and Tulin’'s double-spiral-vortex cavity
model. Two FORTRAN IV computer programs have been developed
to evaluate the equations. Features and use of these programs

are discussed, and program listings are presented in the appen-

dix.
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INTRODUCT ION

Cavitating flow theory has advanced rapidly in numerous
directiors within the last 15 vears ir response to varied stimu-
li. Most important is the increasing use, and interest in
further enlarging the capabilities, of hydrofoil craft of vary-

ing designs. Organizations have been willing to sponsor re-

search in the area, which has resulted in new approaches to the
solutions of problems, many of which depend heavily on the digi-
tal computer to make possible the numerical evaluation of re-

sults. These trends in research are evident in the current pro-

ey TR QRN A R e, | g iy i
P RO AT o

ject, which builds upon several earlier projects.
Three lines of previous research should be noted. Much

theoretical work has sought to develop linear and nonlinear

theories to describe accurately the behavior of flat-plate hy-
drofoils in the absence of gravity effects, e.g., see Refs.
(1-8). 1In 1969 the experiments of Dinh (9) indicated that
Larock and Street (7) at that time provided the most accurate
theory for a flat-plate foil in a fluid of infinite extent.
Some of the above works treated a foil which operates near a
free surface. Larock and Street (8) presented a nonlinear theory
for this problem which indicated, among other results, that (a)
linearized theory somewhat overpredicted the 1lift coefficient,
and (b) as a consequence of the 1lift on the foil and (it is be-
lieved) the neglect of gravity, the vertical coordinate of the
free surface became unbounded far upstream.

A small number of investigators, realizing that in some
circumstances the effects of gravity are not insignificant,
have conducted studies of various gravity-affected cavity flows

1
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(10-14). Of these investigations, only that of Larock and
Street (14) does not depend on a special symmetry or approxi-
mate boundary conditions to effect a solution; it presents a
nonlinear theory for a fully cavitating flat-plate hydrofoil
acted upon by a transverse gravity field in a fluid of infinite
extent, To date, however, the theoretical behavior of a hydro-
foil operating in the fully cavitating flow state beneath a
free surface, with a consideration of the effect of a transverse
gravity field, is still unknown.

The present research addresses itself to this last problem
by combining ideas developed previously in two papers by Larock

and Street, Refs. (7) and (14).
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SCOPE AND PURPOSE OF RESEARCH

This work extends the 1967 free-surface nonlinear theory
of Larock and Street (8) for flow past a fully cavitating flat-
plate hydrofoil by incorporating the effects of a transverse
gravity field into the theory. The development proceeds along
much the same line as that of Larock and Street's earlier gravity
theory (14). The Riemann-Hilbert technique is used in conjunc-
tion with Tulin's double-spiral-vortex cavity model to seek the
solution. The solution for the gravity-affected problem is
found by iteration; the nongravity solution (8) is used in the
initial computation of the additional gravity terms in the
final solution.

In this project the equations describing the problem are
completely developed and presented in this report. Two FORTRAN
IV computer pregrams have been written to evaluate these equa-
tions; a listing of each appears in an appendix to this report.
Another section of this report is intended to serve as a user's
manual for these programs. Finally, the Scientific Officer for
this project will be supplied with a card deck for these pro-
grams.

The Naval Ship Research and Development Center is expected
to use the results of this project for the purpose of deter-
mining the effects of gravity on the relations between lift,
drag and submergence, and on cavity shape and free surface con-

figuration.

il

ek S s




T e A R A R R L L R T R o e T T T o T T TR T A ORI P eI N e T e T TR T T R XTI ORI w-—ww?an—,c;j
3

THEORY

R T Tas

The underlying structure for this thcory has been pre-
sented previously (7); the basic approach for incorporating

the transverse gravity field into the theory has also been pre- 3

sented several years ago (14). The following expcsition is

intended to be self-contained but rather concise; the interested

reader is referred to (7) and (14) for extended discussions.
The Tulin nonlinear, double-spiral-vortex model (6,8 )
is employed here because its features are useful in the subse-

quent conformal- mapping procedure.

P PN T BT T, AT YT

Figure 1 shows the physical plane (z-plane) for the flow
past a flat plate running beneath the free surface and trailing
a cavity modelec by the Tulin model. The plate ABC is irclined
at an angle a relative to the parallel fluid flow of undisturbed
speed Qg which surrounds it. 7The ncse of the plate is chosen
to be the coordinate origin with the x-axis drawn parallel to
the uadisturbed flow. Point A is submerged a distance d below
the undisturbed free surface, denoted by I,. The flow separates
smoothly from the ends of the plate, The free surfaces bounding
the cavity, of cavity pressure P and local speed qc(y), end
in a pair of double-spiral vortices at points D and E. These
streamlines spiral into and terminate at these points. Therz 7
the flow speed discontinuously jumps from the cavity spced Q.
to the undisturbed speed Gqo ard the wake boundary spirals back
outward and proceeds to downstream infinity at F, and I {this
behavior is responsible fer the nsme of the model). Tulin re-
marks that this velncity discontinuity accnunts puctially for

the pressure-iccovery Joss caused by the turbusence that accom-

o ‘.H_,._.___.m‘ej
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panies cavity ccllapse. The local speed along the free sur-
face IZFZ is qs(y). It is convenient to select q, as the
characteristic velocity for the problem and later normalize it
to unity.

For this problem the fluid is assumed to be inviscid, in-
compressible and homogeneous. The flow is steady irrotational
and two-dimensional with surface tension effects neglected.

In this case the Bernoulli equation is
p+ %pq2 + pgy = Constant (1)

Here p is the pressure, p is the fluid density, q is the fluid
speed, g is the acceleration of gravity, and y is the vertical
distance to seme point in the flow from the coordinate origin.
The Constant can be evaluated at a convenient reference point,
which is currently chosen to be far upstream at y = 0; condi-
tions at this point are dencted by a subscript o. Thus, if
Ejq. 1 is applied between the reference point and some point on

the cavity {subscript c), ons obtains

1 2 1 2
Py * 3PQ, = P * PBY. * 73PA (2)

By introducing the cavitation number

¢ = Po P
%pqo:! (3)
and the Froude number F, defined by
q 2
2 _To
B = o (4)

where & is the plate length, one finds that the ratio of fluid

specds q‘_,’qO can he written

AEE s e, ram
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q 2 Y 1/2
a_(l = [1+o-% .2‘_9 (5)
o

Far upstream where the flow speed is uniformly q,, one

STOPTEETETITE T Qr T g AT T T

finds the relation between P, and the atmospheric pressure P,

O i o
s e A SR N e

at the free surface to be

[ —

Py = Py * pgd (6)

Then by applying the Bernoulli equation between the free sur-
face and the reference point, the speed ratio qs/qo is found

3 to be

i 95 _ 2 (d-ys) 1/2
; q, - [“;f z (7)

For the assumed flow and model, the plane of the complex

potential W = ¢ + iy can be drawn, Fig. 2. The physical and

complex potential planes are uniquely related by

1 dw Le—ie w
om— = = 8
a 0l ag e (8)

where w is the logarithm of the normalized complex velocity

with argument 6. Alternatively, one has
w = &n(a/q,) + i(-8). (9)

Rearrangement of Eq. 8 then gives the physical-plane configura-

tion as

2= Lofere(t)gl g¢ (10)

9
when all variables are expressed in terms of the same variable,

called t. The t-plane is an upper half-plane, with the boundary
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of the flow domain lying on the real axis, Fig. 3. (Henceforth

1
.
3
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3
3
3
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q, is set to unity.)

To express W and w as functions of t, first W is mapped

to the half-plane by use of the Schwarz-Christoffel transforma-

oA TR e

tion, and then w is directly constructed in the t-plane. The ]

IR d A

% : function W(t) is made unique by selecting the following three-

point correspondence:

E

1

.

E B: W=20 t =0
-

{
(@]
=

]

n

)
—

exp(2mi) t (11)

I: W~ o t +

If t = B is the point at downstream infinity (point F) and
boundary FZIZ is used to evaluate the constant of integration,

one finds

L4
W(t) = —% [t+8 2n(1-t/B)] (12)

SR i

The parameters ¥ and B are related by considering point C;

RREEY T T e
Lol Lo

the result is

by = m8/[1-8 &n(1+1/8)) (13)

Finally, if one requires that ¢E = ¢D’ as was done in Ref. (8),

another parameter relation is obtained as

R e ettt By d I b ol Dbt

tE/B + zn(l-tE/B) = tD/B + zn(l—tﬁje) (14)

One uses the Riemann-Hilbert irchnique to construct w(t).
Initially one hypothesizes that the following boundary data

are known along the entire real line in the t-plane:
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Re(w) = 0 - < t < t

1 2 Yt ;
Re(w) = 2—2n 1"‘0""7- T tD <t < -1
F
In(w) = o -1 <t< 0
Im(w) = a - 7 0 <t < ta
1, [ 2 vt
Re(w) = '2-211 1"’0“1.‘7- —3 tA <t < tE
- (15)
Re(w) = 0 tp <t < B
_1 2 (45 (t)
Re(w) = '2-211 l+;-2' — B <t < tu
Re(w) = 0 t <t < w

In the above it is assumed that ys(t) approaches d as t grows
progressively larger, and the difference (d-ys(t)) is negli-
gibly small for t >t ty being some reasonably large, but
finite, value of t.

The current technique requires a knowledge of the imagi-
nary part of a function, say Q(t), on the entire real line.

This is achieved by the definition

Q(t) = w(t)/H{t) (16)

where H(t) is a solution to the homogeneous Hilbert problem.

For the current problem one may select (8)

1/2
H(t) = -i{(1+t)(t-t,)] (17)
The solution for w(t) is

Ref. (8) proves that no power saries terms should be added to

this expression.
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In writing the full expression for w(t), it is advan-
tageous to rewrite one of the logarithmic terms in Eq. 15 in

the following way:

y . (t) y.(t)
anf1+0-2y ZE = en(1+0)+en |12, L =€ (19)
;7 [} ;7 T+ag [

The integral form for w(t, is therefore composed of seven

terms:

-1
(£) - .l on(1vo) dn
Htey 2w ;/]; (n-) [(1+n) (n-t 31172

>

by
dn
en(1+0)
gk '{(n O [(1n) (n-t,) 1172
tA tA
+ 2 - dn
“fl (n- t)[(1+n)(t - 1t/% { (-0 [(2+n) (t4-m) 112
8
2 1 Yem)
1 J; n[ g2 1% LQ ]dn
o r, (- [ (- t)1%°
to. 2 1 Y
! E R‘n[l’? -]-.—:CT —CT—] dn.
Wi 172

t, (n-t) [(1+n) (n-t,)]

d-y_(n
o e

u
L ,
2m gf (n-t)[((1+n) (n- tA)]17_

(20)

The requirement that the flow be horizontal at infinity

B T R et NP
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yields two additional couditions that contribute to a unique

specification of all flow parameters. The conditions (8) are A
Imfu(B)] = 0
(21)
Imfw(=)] =0
When Eqs. 21 are applied to Eq. 20, the resulting equations
can be displayed in the form
Allln(1+o) + = B1 + BlG (22)
F
A212n(1+o) + a = B2 + BZG (23) 5
]
where %
(B‘tA 1/2 (tE-tA 172 Log 172 ee ) (M2
1 I+ \rveg (B'tA) & ¢, 3
A = &n -2n
11 = 77 8-t 1/2 t -t 172 1+8 172 1+t 1/2
() I [ R G
+B T tA D™ A
(24) i
s+t )/ 2 (2 -t,)1/2 ;
Ay = F - 172 =4 177 (25) 3
.(tA'tD) +(' (1+tD)) Qj
3
..‘1
[B(1-t,)-2t
I R | A A
By=gz - s B(I+tA)] (26)
[1-t
. -1 A
B, = » - sin LT;E;] (z7)

a 2 1 yc(n)
-1 Ln[l‘;-z' T30 — 1 dn

(n-8) [ (1+n) (n-t,)1 /2

B].G = %?[(1+P)(B‘t}\)]1/2{'f
t
D

Zy, - i
~ e S B B X B A e e R 2D e T
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y.(n) -y (n)
s Qn[ —2—2— 1—15 ——%——]dn ty 2“{1*%2(?“5—“)]‘1“ }

+ +
[ (n-8) [(1+n) (n-t,) 1172 (n-8) [(1+n) (n-t,)] /2

A B8
(28)
and
2 1 Y (n)
] ! {:/l.f,n[l';z'm Cl ]dn
O e (g1

y.(n) (n)
[ 2 10 cz ](hl tu 2n[?+—7 -y (n )] }

{ [(14n) (n-t) 112 s L) (n-t1

(29)

The actual setting of flow parameters proceeded in the
following order:

1. Either ¢ or B is prescribed, and the other para-
meter is found from Eq. 13.

2. To take advantage of the linearity of Eqs. 22 and 23
in #n(l1+o) and a, these equations are solved re-
peatedly for 2nt1+o) and a for assigned arrays of
values for ta and tys tg is found from Eq. 14 for
each given th and 8.

3. An appropriate preliminary selection of t-plane
parameters, i.e. tyr tpr e and B, can then be made
from the tabular arrays of parameters which were
generated in step 2.

The next section of this report presents all the equations

which together constitute a complete solution to the problem,
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The methodology for computing this solution then follows. It

PR, P

is there that the treatment of the gravity terms BlG and B,.

?
é which obviously cannot initially be computed with the other %
; terms (since yc(t), ys(t), t, and FZ are not yet known), will i
g F
: d

be discussed, ;
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RESULTS

Results of the theory include the physical-plane configura-

R R E

% tion for the plate, cavity and wake boundaries and the free sur-
% face, and also the 1lift and drag coefficients.
On the foil, -1<t<tA, and Eq. 20 can be evaluated to give
é w(t) as
G
é = ]
: w(t) ia + Sl(t) + Glc(t) + Gls(t)
(e = [t (1vt)1 /2
: * o 172 177 (30)
¢ (tp-t) [, (1+) 1707
? where

(1+2tD-tA)t+(l-tA)tD-ZtA]

S1(t) = %an(1+o){ T+ sin-l[
(t'tD) (1+tA)

(1+2t.-t,)t+(1-t,)t.-2¢t J
+ sin-l[—.— E_A A’"E A]} (31)
(tE't)(1+tA)

t 2 1 Yc(n)
6 6 - Lo ooy 1/? J/g ml[i g2 T30 T @ ‘]dn
te” I A t (n~t}[(l+n)(n-tA)]1/2

B e T T £ T R TR R Y ey

" A e,

2 1 Yc(n)
-1 Yln[l-;:—z' 1+ ) dn

{D (n-t) [(1+n) (n-t,)1 /2

d-y_(n)
and ty M1Pf§7(——%——)]dn

1 1/2
615 (1) = (18] (-0
e A {(n-t)[(lm)(n-t,\)]l/z

(32)
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It can be shown that f
1, o2 1 YD) ;
Gyc(-1) = gl g =3 — (34)
and
WA
Grc(t) = nfl- g =3 | = 0 (35)
since yc(tA) = 0.
For the two free surfaces bounding the cavity, :
w(t) = wp(t) + iwg(t) (36) '“
with
1 1 2 1 YW
NR(t) = 2-2,1'1(14‘0') + zzn[l‘p 1+ — L (37)
and
-1 t~tA 1/2
mI(t) = o - 2{2 tan [m] }"‘ Sz(t)+GZC(t)+GZS(t)
(38)
For the lower free surface tDSts-l, and for the upper free sur- §
face tAst<tE The last three terms in Eq. 38 are defined as ;
I+tE I+t
S,(t) = 2‘9'“(1"’) tn - EA\172 [E-E,\1/7]
{g) (=)t
(1+t )1/2+(1+tD )1/2 :
t-t t. - :
A D ta i
- %n (39) ]
T G
= 3
t-t A 3;

R
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1/2 1T (n)j :
1 t _Z T+o 2 ;
G,y (8) = =3 fep) (-5
e r[0p et !f (n-t) [ (1+n) (n-1,)] /4

1 Y
-1 ““[ "z T¢6"‘77"] l

- 40)
f (n-t)[(hn)(n-tA)]m | (
D

and
-y.(n)
1/2 tu n [1+2—2-(d—————y‘;" ] dn
E

t
6, (1) = ~=Ja+d -2 f (41)
2s Do) s (-t)[(1+n) (n-ty) 172

The slash on the integral signs in Eq. 40 signifies that the i

interval (t-&, t+e) is to be deleted from the integration,

where € is a suitably small, positive number. In Eq. 39 use §
the (+) for the upper surface and the (-) for the lower sur-
face where (%) signs appear.

For the wake boundaries and the free surface one finds

. 1 2 (4Ys(t)
w(t) = iy(t) + 72n 1+;7(__7T_—) , for t > B (42)
L
and
o(t) = iy(t), for t < B (43)
where
1/2 1/2 1/2 1/2
f'(t tA) +(txs‘t;\ (l+t ) +(“tn ) |
1+t 1+t t-t t.-t :
E A D ‘A :
Y(t) = 7—2n(l+0) 2n —y 173 ot 173 -MIc.t )1/2 (1+tD )1/2 :
.(1+i‘) '(TTFE') B A\ tpta :
frty /2 j
+ a -;N-Ztan ,E_A—(i—*_t—)— + GSC(t) + GSS(t) (44) E
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; z 1 Yc(n) A
. () [( o )]1/2 / 2 1v 1 ]dn 3
0 =-Lfasha-2 "
: (n- t)[(1+n)(n t)1/° 3

4 1 Y {
fl 2"[ "Z'FET"J ,

- 45) 3

y, (L) (n-t) 17 f

and :
2 -ys(n) 3
172 o Rn[é*gzci'ﬁr—")]d“ ﬁ

G, . (t) = (1+—) (1-——) (46)
3 gl ] Jé. (n-t) [(1+n) (n-£) 1+ % '

Explanation of the slash symbol follows Eq. 41. One will re-

call that the appropriate t-ranges are tp<t<g for the upper
wake boundary, t<t, for the lower wake boundary, and t>g for
the free surface.

By using the mathematical definitions given in Eqs. 30-
46, it is a somewhat lengthy but straightforward process to
develop the final results which follow. First the plate length

% can be found by combining Eqs. 10, 12, 13, and 30-35 to get

2 = Ip(-l,t (47)

A)

with

fp(n1am) = T Bf.nﬁﬂ/ﬁ)]f’ (T)t*[t.A(tA't)(“t)]
!

x exp{~ [sl(t)+Glc(t)+Gls(t)]z de (48) g

The coordinates of the plate stagnation point are

16
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xg + in = Scosa-isina)lp(o,tA) (49)
and the coordinates of the downstream end of the plate are
2o = Xo ot in = (cosa-isina)f {(50)

It has previously been shown (7) that 1ift L and drag D
are related to the pressure distribution on the plate by the

expression

A
b+ il = -i f (p-p)ez (51)
C

If the 1lift and drag coefficients, defined as

L D
C; = T and C, = T3
L %pqol D 7044 (52)

are introduced into Eq. 51, then use of Eqs. 1-4 and 8-12 lead

to
A —
. 2 i 2y wte | -w dW
Cp + iCp = If[ho;z-%e ]e If dt (53)
C

and ultimately to the results

CD = [l+0 + sina/F2 + Ic]sina (54)
and
CL = [1+0 + sina/F2 + IC]cosa (55)
where
th

2
e = FFEI T R TTITET] f exp[S; (t)+6, (t)+6, (t)]
-1

1-t
x{-tA+( - A)t . [tA(1+t)(tA-t)}1/2} B%‘ X (56)
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Substitution of the appropriate expressions for w(t) from P
this section into Eq. 10 will then give the cavity-wake-free
surface configurations. The results are the following for the

cavity shape:

. 1 cosz(n) nda
x(t)-x_ =
° [1-an(1+1/8)](1+0)1/2[ [1-2 1 yc(n)]l/z(ﬁ-n)
;Z Iv6 — ¢

(o]

(57)

and

o (B-n)

(t) -1 sinw;(n) ndn
y(t)-y, = /
©  [1-84n(1+1/8)](1+c)L/? A [1_2 _1_>'C(n)]172
;7 1+d ~ ¢

(58)

For the upper boundary select x,=0, yo=0, t,=ta and tyst<ty.
For the lower boundary select X=X Yo=Y es t=-1 and ty<ts-1.
Eq. 38 defines wp-

In a very similar way one derives expressions for the

wakes and free surface:

_ d (59)
x(t)-x, = Tﬁln(lﬂls)/ cosy (n] ;?n) m/2
t, [ —7(d ] (B-n)

t
_ -1 siny(n) ndn .
y(t)-y, = 1-8en(1+1/8) - 5, &y (n) ]m/z (60)
4 wiaan o
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If n>8, then m=1; otherwise m=0. For the upper wake boundary
Xo=%Xp s Yo=VE» t0=tE+ and tp<t<g. For the lower wake Xo¥Xp s
Yo=Ypo to=tﬁ' and t<ty. For the free surface it is not con-
venient, or even pcssible, to begin integration at the point
t=8, for this point lies at downstream infinity in the physi-
cal plane. As one crosses the point t=8, there is a finite
jump in the y-coordinate by the amount ¥, to go from the upper
wake to the free surface. However, this infurmation by itself

is not particularly useful for numerical computation. The

next section will clarify this pojnt.
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COMPUTATIONAL PROCEDURES AND PROGRAMS

Two FORTRAN IV computer programs have been developed to
evaluate the preceding equations. Both program listings will
be found in the Appendix. The first, and smaller, program as-
sists one in selecting an appropriate initial set of t-plane
parameters or coefficients which relate approximately correct-
ly to the parameter set (wo, a, 0) which one desires to study.
The larger program completely eviluates the theory for a given
set of t-plane parameters (tA, ty, tg, 8). The computational
sequence and the role of each major segment within the program
and also the required data cards will be described. This sec-
tion also includes short discussions of some topics the user
ought to consider further.

The first program is small and contains approximately 100
statements. In the selection of a coefficient or parameter
set for a particular problem, one would like to specify (wo,
a, o) and then use the appropriate corresponding set of t-plane
parameters. Due to the mathematical structure of Eqs. 22 and
23, however, it is more appropriate to select ¥, OT B, and
arrays of values for tA and tD, and ther note the resulting
values of B or Yor tgy @ and o. Moreover, this search must
initially be conducted without consideration of gravity ef-
fects, for the gravity terms, Eqs. 28 and 29, cannot be evalu-
ated at this early stage of computation. Thus this program
performs steps 1 and 2 which are listed following Eq. 29.

The first program operates in the following manner. First
either wo or 8 ;s reed, and the other parameter is computed

from Eq. 13. Then arrays of values for ty and t;, are read,

20
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ty is computed by the REAL FUNCTION FE(TD,BETA) which solves
Eq. 14 for each ty, and Eqs. 22 and 23 are then solved for o

and o. Finally, lists of parameter sets are printed.

e TR RITTVOERERATL T T S

To process one set of parameters with this program, two

data cards are required. The first one has the FORMAT(2F17.7)

B SR

and supplies either ¥, or B to the program in that order;

supply only one of these two numbers and leave the other space

ek L

: blank. The second data card follows the FORMAT(6F12.7) and

contains these data:

P AT s e

TAI, TAINC, TAF, TDI, TDINC, TDF

AR PO rrrg Oy EFTR TR TR+ - i ™ 0 0

QLS

The program processes an array of th values, beginning with the

Ty

smallest value TAI and proceeding to increase th by increments

TAINC (»0) until TAF is exceeded. For each value of ta the

program processes an array of th values, beginning with the

lecast negative value TDI and decreasing in increments TDINC
(<0) until the most negative value TDF has been passed. Then
control passes to the head of the program, and another pair of
data cards is to be accepted and processed. Alternatively, if
one wishes to terminate the program, place one blark card at
the end of the other pairs of data cards. Although the Appen-
dix listings show no data cards, both the actual card decks
supplied under this project do contain a sample set of data
cards.

The large computer program evaluates the equations given
earlier and contains almost 1600 statements, The solution
for the gravity-affected flow is found by an iterative process.
The initial pass through the first portion of the main program

computes the physical plane configuration and the force coeffi-
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cients in the absence of gravity; values for yc(t) and ys(t),

o and o are part of this output. Although these values are

altered somewhat when gravity effects are included in the equa-
tions, they serve as reasonable first approximations to the
later results which are obtained when gravity is considered.
When these values do not change significantly from one gravity
iteration to the nex£, the gravity solutio:;. has been obtained,

and computations should cease. The latter, and larger part,

of the main program uses the data for yc(t), ys(t), etc. to

compute the various gravity terms, such as Glc(t), Gls(t),

and so on. Then a new computation of the flow parameters,

physical plane configuration and force coefficients begins
with the inclusion of the gravity terms that have just been
computed. As even one gravity iteration requires a fair amount
of computer time, the program is currently designed to calcu-
late only one complete solution and then stop.

To compute one complete case, the program requires three

cards of input data. The first card format is FORMAT(4E17.7),

and the required data are

TA, TD, TE, BETA

It is assumed that these data form a compatible set and al-

ready satisfy Eq. 14. The second data card has the FORMAT(4I5);

the values to be read are
NLC, NUC, NFS, IGMAX

Here NLC is the Number of coordinate points on the Lower Cavity
boundary which are to be calculated, NUC is the Number of

coordinate points on the Upper Cavity boundary, and NFS is

the Number of coordinate points to be calculated along the Free

22
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Surface. Minimum values for these control parameters are speci-
fied in the program listing, but to achieve some sort of
reasonable balance between accuracy of solution and required
computation time, it is suggested that these three parameters

each be set at approximately 20 to 25. 1GMAX is the number

of gravity iterations that the program is to compute; if one
sets IGMAX = 0, then only the nongravity solution, Ref. (8),
is computed. The third data card follows the same format as
the first card and inputs values for the two parameters F?

and ty which in the program are called

flerciafi oo c i o e b oaild ain L L v

FSQ, TU
The reading of these three data cards is the first task com-
pleted in the computational routine of the program. Arrays of

t-plane valr~s along the cavity boundaries are then set up.

Computation of the solution now begins after label 120
is passed. First ¢ and a are computed, then the plate length

£ (PL), coordinates of points A, B, and C on the plate are

lccated, and €, and Cy are computed. Next to be computed are

coordinatles along the lower cavity boundary, lower wake boundary,

e

upper cavity boundary, and upper wake boundary.
Coordinates along the free surface should be computed

now. As the discussion following Eq. 60 pointed out, one can-

not numerically integrate through the point t = £ to get onto
the free surface. Instead the program integrates around t = 8
along the arc t = 3 + dexp(i6), where 6 = 7 is on the upper

wake and 6 = 0 is on the free surface. Lquation 10 gives the

relation between z,, on the wake and z, on the free surface as
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T
2, -z, = i f(B+6eie)exp[-w(8+6eie)]de (61)
[1-8en(1+1/8)] <,
To avoid certain difficulties, the program sets § = (B-tE)/Z.
The algebra required to separate Eq. 61 into real and imaginary
parts to obtain expressions for the x and y coordinates is suf-
ficiently long that it is not reproduced in the body of this
report. However, all the details are programmed in subroutines
ARGZ, XARC, YARC, and ARC and some additional subroutines which
later supply the gravity-term contributions. Once integration
along the arc from the upper wake to the free surface has bcen
achieved, the free surface coordinates are quickly computed,
and the initial computation cycle is complete.

At this time three y-coordinate arrays are updated, and
the upstream depth d is assigned a value. This particular ar-
rangement assures that yc(t) and ys(t), which are used in com-
puting the gravity terms G, ., Gyg to GSc’ Gz and the gravity
terms for the arc and are used in computing the new physical
plane configuration, remain unchanged throughout an entire com-
putation cycle. The effect of altering the program to use new
values of yc(t) and ys(t) immediately is perhaps one of the
less important factors that could be investigated while the
program is used. One additional point should be noted here
about the upstream depth d. Since the wake of the double-
spiral-vortex model is presumed to close at downstream infini-
ty, ys(B) is equated to d for subsequent use in cvaluating in-
tegrals over the range (B,t ).

At this point in the program a counter IG is incremented

24
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by one and compared with IGMAX; if IG exceeds IGMAX, computa-
tion ceases. Early experience in running the program should
show whether the iterative approach generates a convergent
solution, as was obtained in Ref. (14). Once convergence has
been demonstrated, one may wish to replace this program termina-
tion feature with a more advanced checking procedure which
compares the values of selected parameters from one solution
cycle to the next and ends computation when changes become
sufficiently small. Parameters that might be used in such a
convergence check include a, o, CL or CD and/or the location
of selected points in the physical plane.

The remainder of the main program computes arrays of
values for the several gravity terms. These arrays are con-
verted i-.to continuous functions by the use of simple, linear
interpolation routines. Higher order interpolation schemes
were considered but discarded for several reasons. Linear
interpolation is simplest and therefore the fastest; if the
function being approximated varies slowly or is small, linear
routines should be adequate. If the function varies rapidly,
then the appropriate control parameter (NLC, NUC, or NFS)
should be increased to achieve a bet).. =epresentation. Upon
completion of the computation for these gravity terms, control
passes back to label 120, and the gravity solution itself is
computed. This computation phase now includes the terms BlG

and B,. and all the other effects of gravity on the solution.

26
Based on very limited experience gained during the develop-
ment and testing of the program, it appears that the inclusion

of the gravity terms causes a to increase and o to decrease

25
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from their former nongravity values for the same t-plane para-
meters. One should accumulate further experience here and use
it in selecting more appropriately the input parameters to the
program.

The magnitude of the gravity effect in this problem can
be assessed by comparing gravity and nongravity solutions for
the same a and o. The appropriate gravity case should be com-
puted first, using the current computer program. Then the
small program should be used to search for the correct set of
t-plane parameters which give a match for a and o. Finally,
these parameters should be used in the big program with IGMAX =
0 to obtain the equivalent nongravity solution.

Another woiat of interest is that it may be feasiblé to
generate a finite cavity solution with ¢ = 0 in the presence
of gravity, although it has not actually been attempted. The
reader is referred to additional remarks on this idea in Ref,
(14), p. 335.

Two final points are deserving of some attention. The
current program has values for ty and FZ assigned from an
input data card. It is assumed that the solution is insensi-
tive to the particular value of t, so long as t, is sufficiently
large; this assumption should be checked by computing several
test cases in which only ty is varied between cases. Program
users may also wish to consider the possibility of internally

computing a value for FZ.
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APPENDIX -- COMPUTER PROGRAM LISTINGS

Given here is a complete listing of the two FORTRAN IV

7 computer programs described in the body of this report.
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Bé67 00 FORTRAN COMPILATINN M ARK

$SET SINGLE RCD

FILE
FTLE
¢
c
¢
o
¢
600
¢
c
c
¢
¢
2?
610
12
13
14
{5
15
1
17
611
c
¢
c
61>
21
20

SsINPUT, UNIT= READER
6aLAROCKsUNTT= PRINTER

GRAVITY EFFECTS ON A CAVITATING FOIL BELOW A FREE SURFACE
LAROCK THEORY 1972

THIS PRNGRAM IS TQ BE USED rFOR PRELIMENARY COEFFICIENT SELECTINN

FORMAT(1HO,20Xs78H GRAVITY EFFECTS ON A CAVITATING FOIL BELOW A FR
1EE SURFACE, LAROCK THEONRY 1972,//,37X,83H PARAMETER ARRAYS WHICH F

20LLOW ARE FOR G=0s///)
WRITE (6 “7~0)

RELATE PSIZERD = W TO BETA, IF BETA IS GIVEN, H IS COMPUTED, IF H
1S GIVEN» RFTA IS COMPUTEDs ASSUMING IT LIES BETWEEN 0,0001 AND

10000,0

Pl = 3.,141592654

READ (S» 610) Hs RFTA
IFCCHERL0,0) s ANDS(BETAER,040)) GN TO 999
FORMAT(2F17,7)

IF(H«EN,0,0) GN TN 11

BL = 0,0001

By 10000,0

FL PleBL/(1,0=BLeALOGC1,0¢1,0/BL))

FU PIeRU/¢1.0=RU*ALOG(1,0¢1,0/RU))

RM 0.S*(RL*R)

FM s PIaBM/(1,0=BMeAL0G(]1,041,0/BM))
IF(FMeH) 13,14,15

FLL = FM

AL = AM

G0 T0 16

BETA s QM

GO 70 1~

FU s FM

Rl = AM

IF((RU*RL)GT,N,0000001) GN TO 12

BETA = 0,5¢(BU+RL)

GO T0 17

H 3 PI#RETA/(1,0°AFTA*AL0G(1+041,0/BFTA))
WRITE (6, 611) H, BETA

FORMAT(1H0»30Xs11H PST2ERD 2 2E17479134 AND RFTA =2 E17.7)

FIND SIGMA AND ALPHAGAL FOR A RANGE NF TA AND TN FOR G=0,0

WRITE (62 614)

RFEAD (S» 612) TAls TAINCe TAF» TODIle TDINCe TOF
FORMAT(AF12,7)

TA = TA1Y

™ ™Y

TE FE(TND» BETA)

R1 SART(C(RETA=TAY/(1,04RETA))

R2 SART((TE=TAY/(1,0+TED))

R3 1.,0/R}

R4 SART((1.0+7D0)/(T0=TA))

AL1 3 (ALCH((R14R2)/(R1=R2))I=ALOG((RI*RA)/(RI*RE))I/(2,04P1)
30
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Bf s 9,5*P! = ARSIN((RETA#(1,0=TA)=2, 0¢TA)/(BETA#(1,0¢TA)))
RS a SQART(1,04TE) ¢ SQRT(TE=TA)

R6 = SQRT(TA®TN) ¢+ SQRT(=1,0"TD)

A21 = A{NG(RS/R¢)/PI

B2 = 0,5«P1 = ARSIN((1,0-TA)/(1,0+TA))

REAL LNSIG

LNSIG = (Rt = R2)/(A1i=A21)

AL = Bt = A11+#LNSIG

SIGMA = EXP(LNSIG) = 1,0

A TR P T T AR

PO TSP SIS PP I NP Y SROR WP ,“._\,A,zu\.amaad

* B ALD = AL*180,0/P!
B WRITE (6s 613) STIGMAsALDsAL»TAsTDeTE,BETA
¢ § 613 FORMAT(TEL7.7+/)
. B 618 FORMAT(1HO,6Xs6H STGMA,8Xs11H ALPHALDEG,»6Xs11H ALPHA,RAD,,9X,
f K 134 TAs14Xs3H TNy14Xs3H TEe13Xs SH RETAW/)
.k (] PROGRAM ASSUMES TNI.GT«TDF AND TAL,LT.TAF
3 IFCTDF,GE,TD) GO 70 14
A TD = TD + TNINC
& Go 10 20
L 18 IF(TA,GELTAF) G0 TO 22
- TA = TA ¢ TAINC
2R GO TO 2%
3 999 CANTINUE 3
‘ STOP 3
4 END i
o REENTRANT FOR!
& NONREENTRA!
1

SARRRERERRARRLLRINRERARRRARRASRARARALUBERRRARANRLASRAGSERERASANERAARAAAEEAEYL)

3
; REAL FUNCTION FECTD, BFTA)
£ c THIS FUNCTTINN FINNS TFs GIVEN TN AND BETA
i ¢ TDeLT (21,000 TA,LT,TE,LY,RETA
: C = TN/BETA ¢ ALNG(1.,0=TD/RETA)
?i ZL L 000
4 2y = 0,99
fFL = 0,0

FU = 713 ¢ ALBG(1,0=ZU)
IFCFU=C) Sa697
& FE = 711«BETA
RETURN
7T FL = Fy
2\
0.9999999
ZU + ALOG(1,0=2U)
0.5%(7y + 2L)
FM = ZM ¢ ALNGC1,0"ZM)
IF(FM=C) 8,910
9 FE = FMeBRETA

BT ki s i i A e

.
B WM

E

3y

3
5, ]
~N
k 4

e SO RER P B T o s

RETURN
R Zy = 7M

FU 3 FM
£ 6o TN 11
e 10 2L = 2™
it FL = FM
iy 11 IF((ZU=2L)«6T.0,0000001) GO TO S
E FE ®= 0,5%{7L*21)#RFTA
& RETURN
g‘" E“n .; L}
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NUMRER OF ERRORS DETECTFD = 0000, NUMBER QIF CARDS = 00130,
COMPILATION TIMF = 0009 SECONDS ELAPSED, 00002,15 SECONDS FROCESSIN
D2 STACK SIZFE = 00007 WORNS. FILESIZE = 00140 WORDS,

TOTAL PRNGRAM CRDE = 00347 WORDS, ARRAY STORAGE = 00049 %0I0S,
NUMRER NF PROGRAM SEGMENTS = 0079, NUMBER OF DISK SEGMENTS = 00001,
ESTIMATEN CORE STNRAGE REQUIKEMENT = 866064 WORDNS,
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867 00 FORTRAN COMPILI LATIANN M ARK 11,01,00

$SET SINGLE RCD
FILE S=INPUT. UNIT= RFADER
FILE 63LARDCK,UNIT® PRINTER
601 FORMAT(1H0,20X,7RAH GRAVITY FFFECTS ON A CAVITATING FOIL RELOW A FR
{tEE SURFACE» LARNCKX THENRY 1972.//)
607 FORMAT(4EL7?,T)
603 FORMAT(IH +10Xst1H PSIZERN = » E17,74/)
604 FORMAT(IH ,30H INTFGRAL STEP SIZE,LT,MINIMUM)
605 FNRMAT(1HO»10Xe1SH PLATE LENGTH = F10,484/)
606 FORMATC1HO»10Xs 6H XA m » E16.79s10%Xe6H YA & » E16,70/»
1 11Xs 6H XB = o F1647910Xs6H YB % » E16,70/0
2 11X, 6H XC = , F16,7,10Xs6H YC = , E16,7,//)
607 FORMAT(1HOs10Xe SH CL ms E16¢7210X» SH CD =0 E16970//)
608 FNRMATC1IHO»10Xe?29H LOWFR STREAMLINE CONRDINATESs/)
609 FORMAT(IH »17Xe2H To15Xs2H X215Xe2H Y,»//)
610 FQRMAT(4IS)
613 FORMAT(TELT,7»/)
614 FORMATC(1HO»6XohH STGMASBXo11H ALPHAIDEGe26Xe11H ALPHASRAD.»9Xs
13H TA»14%Xs3H TN,14Ys3H TE»13Xse SH BETAK/)
615 FORMAT(1H ,5X» S4 PT C, 3E17,7)
616 FORMAT(IH »10Xs 3F17,7)
617 FORMATCIH +5Xe» SH PT Ds 3E17.7)
618 FORMAT(1HO»10Xe23H LOWFR WAKE COORDINATES»/)
619 FORMAT(1HO0,10X,29H UPPFER STREAMLINE CONRDINATES,/)
620 FORMAT(IH » SXe SH PT A» 3£17.7)
621 FORMATCIH #5Xs SH PT Es 3E17.7)
627 FORMATC(1HO+10Xe23H yPPER WAKE COORNINATES»/)
623 FORMAT(1HO,10X,15HARC CONRNINATES,//s17Xs6H THETA,11Xs2H Xo15X,
12H Yo/7)
624 FORMAT(1HO» 25H FREE SURFACE COORDINATESs/)
625 FORMAT(1HO0s» 15H GRAVITY ARRAYS»//)
626 FNRMAT(IH , 2E17,7)
627 FNRMAT(IH » GH G1Co//0 TXe?H To15Xs TH GI1C(T)e//)
62R FORMAT(1HOs 8H G1Se//sTXs2H Tal15Xs 7H G1S(T)e//)
629 FNRMAT(1HO»14H G2C AND  G2Ss//s 9Xe2H 7o13XsTH G2C(T)s10Xs7H G25(
17)9/7)
630 FORMAT(IH » 3E17,7)
631 FORMAT(//)
633 FORMAT(1HO,18H NN LOWER WAKE,//, 7Xs2H T,13X,7H G3C(T),10X,7H (3S(

" }xr i 2kl i Al SO R R At Al L A T TR A a4
18 VA RSO0 Y IO I e T A Y

s GO AHAYS

173)s77)

634 FORMATCIHO» *AH ON 1PPER WAKF#//s TXs2H Te13XsTH G3C(T)»10Xs7TH 3S(
17)2//)

635 FORMAT(1HO,16H NN FREE SURFACE,//, 7X, 2H T,13X,7H G3C(T),10X:7H G
13S(T)e/7)

636 FOPMATC(1HO»21H ON ARC AROUND T®QgETAS//s17Xe6H THETA»11XsSH GICRe12
1XsSH G3CTr12XsSH G3ISR, 12XeSH G3S1.7/)

637 FNRMAT(IH » 10X, SF17,7)

638 FORMATC(1HO,84H COMMENCF GRAyITY SOLUTINNs ITERATION NUMBERs 134//)
EXTERNAL F1eF2sF3sFU4sFSsF6
EXTERNAL F7,F8
EXTERNAL FOueF1N,F11+F1?
EXTERNAL F13» F14
EXTERNAL XARC» YARC

REAL IC
REAL LNSIG
CNMMOM TA»TNsTFLLNSIGIRETASPI»ALISTALTIWIG
33
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COMMON /Ci/ DEL» R?2s R4

COMMON /C2/7 TLCs TUCs YLC» YUC

DIMENSINN TLCC100)sTUCC100),YLE(100),YUC(100)
COMMON /C3/ ENLCeENUCIENFSeNLCsNUCINFS

COMMON /7C4/7 TFSs YFS

DIMENSINN TFSC100)sYFSC100)

COMMON /C5/ T» FSFACSD,FSQ.PL

COMMON /C6/ TCF, GCFs 6SF

NIMENSTON TCr{i1)eGCFC11)sGSFCI1)

COMMON /7C7/7 G2CU»GPSU»G2CLSG2SL

DIMENSION G2CUC100),G2SUC100).G2CL(100),G28L({100)
COMMON /C8/ WLoWU»GCWU»GSWIsGCWL 2 GSWL
DIMENSION WL(20)owt1C10)0GCWUCT10)oGSWUCTIO0) o GCHLC20)2GSHL(20)
COMMON /C9/ JWLM

COMMON /C10/ GCFS» GSFS

DIMENSION GCFS(100)s GSFS(100)

COMMON /C11/ GIRsGIlaGKRsGKI» THE

DIMENSION GIR(S)sGTI(EIoGKR(CO)sGKICE)eTHECS)
DIMENSTION GYLCC100)»GY!JCC100)+GYFS(100)
DIMENSINN XTEM(S), YTEM(S)

EPSL s {,0F=06

EPS = 0,00001

EPSG = 0,0001

16 = 0

WRITE (6, 601)

FOR G=0 REAN TAs TDs TEs RETA

READ €5+ 602) TAs TD» TEs» BETA

NLC,GT, 2, NUC,6T,7, NFS,GT,6 FNR PROGRAM TO WORK PROPERLY
READ (5s 610) NLCs NUCs NFSs IGMAX

READ (S» 602) FSQe TU

Pr = 3.14159265a

STA = SQRT(TA)

H s PI*BETA/(1.,0"BFTA®ALOG(1+041,0/BETA))

KRITE (6 603) H

SET UP T=ARRAYS ON CAVITY ROUNDARIES

ENLC = NLC = 1

ENUC = NUC = 1

ENFS = NFS = 1

TLc(l) s *1,0

TINC = (1,04TD)/ENLC

00 2 Js?sNLC

TLC(Y) = TLE(JU=1) + TINC
TLCONLC) = TLCONLC) ¢ EPSL
TINC = 0,3+TA

TUCCL) = TA

0N 3 J=s2,6

TUC(Y) = Tucly=t) + TINC
TINC & (TE=3.,0¢TA)/(ENIJC"S,0)
DO 4 Js?eNUC

TUC(JY = THC(J=1) + TINC
TUC(NUC) = TUCINIC) = FPSL

FIND SIGMA AND A PHA=A(

CONTINUE
IF(IG,GT.0) WRITE (6» 538) 1G
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DO

11

1n

WRITE (62 614)
Ry = SQRT(C(RETA«TAY/(1,04BFTA))

R2 = SQRT((TE=TA)/(1,04+TE))
R3 = 1.0/R?

R4 = SQRT((1,0+TD)/(TD=TA))

Al = (ALOG((R!»RZ)/(Rl-RZ))-ALOG((R3+R4)/(R3-R4)))/(Z.OOPI)

Rl 3 0,5+pP1 = ARSINC(RETA®(140°TA)=2,04TA)/(BETA®(1,04TA)))

RS 2 SQRT(1,0+TE) ¢ SQRT(TE=TA)

R6 = SQRT(TA=TN) + SART(*1,0=TN)

A21 2 ALNG(RS/Re)/PI

B2 = 04S*PT = ARSINC(1.0%TA)/(1,04TA))

If (I1G.EQA,0) GN TN 10

NOW COMPUTE GRAVITY CONTRIARUTINNS To Bl AND A2

B1G = -<GCwu<8)+cswU(a))+3.0t(Gcwut9)+eswut9)-ecwut10)-GSNU(10))

Bl = Bl + ARG

Al = TA+EPSG

A2 = A1425,0#EPs6G
A3 = THC(NUC)

A4 = TLCINLC)

A6 = =1 ,0=FPSG

A5 2 A6=25,0+EPSG

SMINI = EPSG/105,0

SMIN2 = (A3-A2)/2100,0

SMIN3 = (AS=A8)/2100,0

I = NEWCOCAL» A2+ F13, RESY, EPSGs SMINY)
IFCI4GT,1) WRITE (6s 6048)

I * NEWCOCA?, 43, F13, RES?, EPSGe SMIND)
IFCT.GT,1) WRITE (4, 604)

I = NEWCO(A4s» AS, F13, RES3. EPSGe SMIN3)
IFCIeGT 1) WRITE (Ks 604)

I 3 NEWCO(AS» a6s F13, RESY4s EPSGe SMINY)
IFC1,6T,1) WRITE (6. 604)

B2G = RFS1+RES?=RES3I=RFSS G2

AA 3 RETA

D0 11 KK=i,.5

FK s KK

FK = o.ﬂa.FK.FK

BB = BETA + FK*(TU=RETA)

SMIN = (BB=AA)/2100,0

I 3 NEWCOCAA, BB, F14, RES, EPSG, SMIN)
IFCTIeGT,1) WRITE (6 604)

B2G = R2G + RES

AA = RR

CONTINUE

B2 = B2 = 0,5%R2G/P]

CONTINUF

SOLVE PARAMFTER EQUATINNS 4ERE

LNSIG = (BY = R2)/(A11=A21)

AL 3 B! = Att+{NSIG

SIGMA = EXP(LNSIG) = 1,0

ALD = AL«1R0,0/P]

WRITE (6s 613) STGMASALDsALsTASTNDsTELBETA
FACS = (I.O'RETA*ALOG(ioO‘l.O/RETA))OSQRT(l.OOSIGMA)
FACW = 1,0=RETA#ALNG(1,0+1,0/BETA)

FIND FOTIL CNORNINATES, CL AND CO

FAC = ?.0/((1.noTA)'(l.O'BFTAtALOG(l.OOl.O/BETA)))
SMIN ® (1,04TAY/4200,0
AA 5 =1,0 ¢ EPSL

35
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B8R = TA = FPSL

I = NEWCOCAAs RRe Fls» RESs EPSs SMIN)
IFCI.GT.1) WRITE (60 604)

PL = FAC®RFS

WRITE (6¢ 605) PL

SMIN = TA/4200,0

I = NEWCOC0,0» BBs Flo RES» EPS» SMIN)
IFCILGT,1) WRITE (6s 604)

XA - 0.0

YA = 0,0

XB s FAC*RES*CNSCAL)

YB ==FAC#RES#SINCAL)

XC = PL#COSCAL)

YCCu=PL«SIN(AL)

WRITE (60 606) XA» YA» XBs YBs XC» YCC
SMIN = (i,04TAY/0200,0

I = NEWCO(AA» RR F2, RESs, EPSs SMIN)
IFCI4GT.1) WRITE (6s 604)

IC = FAC*RES/PL

SAF = 0,0

IFCIGsGTe0) SAF = SIN(CAL)/FSQ

cL = (1,0+4SIGMA ¢ SAF ¢ ICY*COSCAL)
CD = (1,0451GMA ¢+ SAF ¢ JCH+SINCAL)
WRITE (6s 60T) CLs CD

FSFAC = 2,0/(FSQ*(1,0+SIGMA)Y*PL)

COMPUTE LOWER CAVITY BQUNDARY CQORDINATES

WRITE (6 608)

WRITE (6s 609)

X s X¢

Y = YCC

GYLC(1) = ¥

AA s =1,0

ARITE (60 615) AAe X» Y
D0 36 Js2.N|C

BB = TLCCY)

SMIN = (AA=RB)/4200,0

I = NEWCOCAA» RBRs F3e RESs EPSs SMIN)
IF(14GTel) WRITE (6s 608)
X = X ¢+ RES/FACS

I = NEWCO(AAe RBe Fls RESe EPSe SMIN)
IFCIeGT.1) WRITE (hs 604)
Y = Y ¢+ RES/FACS

GYLC(J) = ¥

IFCJEQ.NLCY GN TN 23S
WRITE (69 A16) BRs X» Y
AA = BB

CONTINUE

WRITE (60 617) TDs X» Y

COMPUTE SOME LNWER WAKFE BOHNDARY CNORNINATES

WRITE (6, 618)

WRITE (6 609)

ARTTE (6o 617) TDs X» ¥
XD = X

FPL = S,0«P(

JuL = 1

WLOJWL) = TD = gPSL

e
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45

47
147

AA = TD

TINC = 1,0+7D

BB = AA+TINC

IFCAALEN.TN) AamAA=EPSL

JNL = WL ¢ 1

WLOJWL) = BRR

SMIN = (AA=RB)/4200,0

[ = NEWCOCAAS RRs FS5» RESs EPS, SMIN)Y
IFCI.GT,1) WRITE (60 604)

XT s RES/FACH

IF(XToLToPL) TINC = 1,3%TING

X = X ¢ XT

I = NEWCO(AAs RBs F6s RESs» EPS» SMIN)
IFCILGT, 1) WRITE (69 604)

Y = Y + RES/FACH

WRITE (692 616) RRs X» ¥

AA = RR

CHECK TO END WAKE CALCIHLATIONS
IFC(X=XD)sLToFPLY GO TN 41

JHLM = WL

COMPUTE UPPER CAVITY BOUNDARY STREAMLINES

X = XA

Y = YA

AA = TA

GYUC(1) = ¥

WRITE (60 619)

WRITE (69 609)

WRITE (60 620) aAA» Xs Y
DO 46 J=2,NuC

88 = THUC(J)

SMIN = (BB=AA)/4200,0

I ® NEWCOCAA» RRy» F3» RESs EPS» SMIN)
IFCI.GT,1) WRITE (60 604)
X = X ¢ RES/FACS

I = NEWCOCAA» RBs Fls RESs EPSs SMIN)
IFCIGT 1) WRITE (60 604)
Y = Y ¢« RES/FACS

GYUC(J) = Y

IFCJ.EQ.NUC)Y GN TO 48
WRITE (60 616) RRy X» Y
AA = BR

CONTINVE

WRITE (6, 621) TE» X» Y

COMPUTE SOMF PPER WAKE CONRDINATES

WRITE (6 622)

WRITE (60 AN9)

WRITE (60 A21) TEe Xso ¥
TINC = 0,1#(BETA=TF)
IFCIG.6TL0) GN TO 147
WUCL) 3 TE+FPSL

W(2) = TE+TING

00 47 J=3,10

WUCJ) = WUCJ=1) + TINC
CONTINUE

AA = WU(L)

SMIN = (BETA®TF)/8200,0

37
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Do 48 J=2.10
BR = WU(J)
I = NEWCOCAA» RBs FSs RESs EPS» SMIN)
IFCI,GT.1) WRITE (6s 604)
X = X ¢ RES/FACwW
1 s NEWCOCAA» RBs F6s RES» EPS» SMIN)
IF(I,GT,1) WRITE (6» 6048)
Y = Y & RES/FACW
IFCJER,6) XW = X
1FC(J.EQe6) YW = Y
WRITE (6s 6162 BRs X» Y
AA = BB
48 CONTINUE

o4 WIS TRETHT wmm‘mﬂ
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INTEGRATE ALONG ARC TO FREE SURFACE

s Mg Xx]

WRITE (6+ 623)
IF(1G,G6T.0) GO TO 151
DTHET = 0,2+P1
D0 S1 Js2s6
51 THE(J) = THE(J=1) ¢+ DTHET
DEL = 0,5%(BETA=TE)
151 CONTINUFE
X = XW
Y = YW
WRITE (6 616) THE(1)s Xo ¥
SMIN = DTHET/2100,0
EPS = 10,0*EPS
Do 52 J=m2:6
AA s THEC(J=1)
B8 & THE(J)
I » NEWCOCAA» RBs YARCe RESs EPSs SMIN)
1IFC1.,GT,1) WRITE (6, 604)
X = X ¢« RES/FACH
1 = NEWCOCAAs RRs YARC» RESs EPSe SMIN)
IF(1.GT41) WRITE (6s 604)
Y = Y 4 RES/FACHW
5?2 WRITE (69 A16) THE(J)s Xo ¥
EPS s 0,1¢*EPS

v o P

COMPUTE FRFE SURFACE CnORDINATES

e Mz Xy

IFCIG.GT.0) GND TO 205
SET yP T=ARRAY ON FREE SURFACE
TFS(1) = BETA + TINC
00 5 J=2,5
5 TFS(J4) = TFSiJ‘l) + TINC
00 6 J=6sNFS
ENJ = J
TFAC = (ENJ=5,0)/(FNFS=4,0)
TFAC = TFAC**3,0
A TFSC(Y) = TFS(S) ¢ (TU=RETA=DEL)I*TFAC

O

205 CONTINUE
WRITE (6» 623)
WRITE (60 609)
XTEM(S5) = X
YTEM(5) = VY

D 3 [}
0 53 Jei, 18
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c

¢

c
60
61
62

¢

c
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K= g =

AA = TFS(K)

BR = TFS(Key)

SMIN = (AA=RR)/2100,0

1 = NEWCO(AAs RRs FS» RES» EPSs SMIN)
IFCI.GT,1) WRITE (6, 604)

XTEM(K=1) = XTEM(K) 4+ RES/FACW

I = NEWCOCAA» RBs Fbs RESs EPS» SMIN)
IFCI.GT,1) WRITF (6, 608)

YTEM(K=1) = YTEM(K) + RES/FACW
CONTINUE

DO S4 J=sts5

GYFS(J) = YTEM(Y)

WRITE (K 616) TFS(J)» XTEM(J)H» YTEM(S)
CONTINUE

DO S5 J=6sNFS

AA = TFS(J=1)

B8 = TFs(J)

SMIN = (BB=AA)/2100,0

I = NEWCO(AAs BBe FS» RESs EPSs SMIN)
IFCI.GT.1) WRITE (60 604)

X 2 X ¢ RES/FACH

I = NEWCOCAA, BBy F6s RES, EPS, SMIN)
IFC(I«GTs1) WRITE (69 604)

Y = Y ¢« RES/FACW

GYFS(J) = ¥

WRITE (6s 616) RBy Xo Y

CONTINUE

UPDATE FREE SURFACF ARRAY DFSCRIPTIONS

DN 60 J=mlaNLC
YLC(Y) = GYLC(Y)
00 61 J=teNyC
YUC(JY = GYUCC )Y
D0 62 U=t ,NFS
YFS(J) = GYFSC.))
D 3 GYFS(NFS)

COMPUTATION CYCLE HAS REEN COMPLETED FNR Gs0, FNR G NE.OsGRAVITY
TERMS ARE CNMPUTED BELNW AND SNLUTION IS RECUMPUTEDs BEGINNING AT
LABEL 120, CHECk 1S MANE HERE TO SEE IF NO« OF GRAVITY ITERATINNS
EQUALS TGMAXs AT WHICH TIME COMPUTATION CEASESe.

16 = 16 + 1
IFCIG.GTIGMAX)Y GO TO 999

COMPUTE GCF AND GSF ARRAYS, WHICH LATER ARE INTERPOLATED AMONG
TO GIVE GIC(T) AND GIS(¢T)

TCFINC = 0,1%(1,04TA)
WRITE (hs $25)

WRITE (Ks $27)

0D 70 Jsisl}

EJ = J=y

TCF(J) = =1,0 ¢ EJ¢TCFINC
CONTINUE

At s TA + FPSG

A2 = =1,0 = EPSG

A3 s Al ¢ 10,0«EPSG
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73

A4 = TE = 10,0*¢PSG

SMINY! = EPSG/105,0

SMINZ2 = (A4~A3)/2100,0

AS = TD ¢ 10,0#EPSG

A6 = A2 = 10,0#EPSG

SMIN3 = (A6=A5)/2100,0

GCF(1) u 0,5*ALOGC1,0=YC("1,0)*FSFAC)

GCF(11) = 0,0

WRITE (6, 626) TCF(1)y GCF(1)

G2 = 4,0*SART(EPSG/(1.N+TA))I*GCF(1)

STARY GCF FOR 61C

DO 71 Js2st0

T = TCF(J)

1 = NEWCOCALs A3e F7» RESI» EPSGe SMINI)Y

IF(I.GT.1) WRITE (6 604)

I = NEWCNCA3» a4» F7» RES2s EPSGe SMIN2)

IFC(IGT,1) WRITE (&, 604)

I s NEWCOCAGs TUC(NUC)» F7» RES3» EPSG» SMIN1)

IFC(1.GT,1) WRITE (65 604)

RESA = RES1 + RES2 + RESI

I = NEWCOCTLCUNLC)» ASs F7» RES1s EPSGs SMIN1)

IF(I,GT,1) WRITE (6, 604)

1 s NEWCOCASe Ahs F7» RES2» EPSGe SMIN3)

IF(I.GT,1) WRITE (6s 604)

I = NEWCOCA6» A2s F7s RESIe EPSGe SMIND)

IF(1,GT,1) WRITE (6» 604)

RESB = RES!1 ¢ RES2 + RES3

TEMP s RESA = RESR ¢G2/(1,0+T)

QRT = 0,54SART((1,0+T)*(TA™T))/PI

GCF(J) s TEMP#QRT

WRITE (69 626) T» GCF(J)

CONTINUE

WRITE (69 626) TCF(11)s» GCF(11)

START GSF FOR 61S

WRITE (6¢ 628)

GSF(i) = 0.0

GSF(11) = 0,0

WRITE (&s 626) TCFC1) , GSF(1)

DO 72 Js2010

T = TCF(J)

AA = BETA

KK = O

88 = BETA + DEL

SMIN3 = DEL/2100,0

1 = NEWCNCAA» ARs FB8s RES3Is EPSGe SMIN3)

IFCT1.GT,1) WRITE (6 604)

AA = BR

00 73 KK=sis&

FK s KK

FK 8 0,04¢FK*FK

BB = BETA ¢ FK«(TU=BETA)

IF(BBJLFeAA)Y GO TN 733

SMIN3 s (BR=~AA)/2100,0

I = NEWEN(AAs RBs FB8s RES» EPSGe SMINI)

IF(I.GT,1) WRITE (6+ 604)

RES3 = RESI ¢ RES

AA = BR

CONTINUF

CONTINUE

GSF(J) 3 0,5+SART((1,04T)*(TA=T))*RES3I/PI
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WRITE (6s 626) TCF(JYs» GSFCY)
72 CONTINUE
WRITE (6» 6267 TCF(11)y GSF(11)

Gl Tea T e v QR RTINS

o C

- ¢ COMPUTE CAVITY GRAVITY ARRAYS

. g THESE ARRAYS ARE INTERPOLATED AMONG T8O FORM G2C AND 62§

-k 2 UPPER CAVITY STREAMLINE

»

- G2Cytt) = 0,0

. ¥ G2SUCL) = 0,0

- WRITE (6, 629)

L WRITE €6+ 630) TUC(1)s G2CUC1)» G2SUC1)
: DIMENSION AUCtO0)s FSMNCS)

2 D0 75 J=2,NyC

SRS ES = EPSG

- T = TUCCJ)

. IFCCT=TA)4LTe(8,0%EPSGY) ES = (T*TA)/8.,0

=t Nyl = 3

TS IFCCJaGTe6) o AND L CJLLToNUC)) NUT =

IF(J,GT,6) GO Tp 76
i AUCL) = TA+FS
: Ay(2) s T=gs
: ESMNCL) = (aUC2)*410(1))71050.0
: AUC3) = TeFs
! AUC4) = TUCCT)
ESMN(2) = (AUC4)™AII(3))/105040
AU(S)Y = AyCg)
: AUC6) = TUC(NUC)
- ESMNC3) = (AU(A)=A1I(S5))/2100,0

=3

E GO T0 77

E T6 AUCL) = TASEPSH

E ¢ AnC2) s AyYC1) + 10,0+EPSG
.t ESMNC1) = EPSG/105,0

AUC3)Y = AUC2)
3 AU(4) = T = 10,04EPSG
fé ESMN(2) = (AUCA)=A11(3))/210040
! ANCS) = AyCaq)
: AU(6) = T = FPsg
ESMN(3) = ESMN(1)
‘1 IFC(J.EQ.NUCY GN TO 77
: AUC?) = T + EPSG
Ay(8) = Ay(7) + 10,0*EPSG
ESMN(4) = FSMN(1)
AY(9) = AUCSR)
AUCL10) = TUCINIIC)
ESMN(S) = Cay(10)=ay(9))/2100,0
77 RES = 0,0
00 771 JJUsisNJI
J2 3 2+
J1 = g2 =
I = NEWCOCAUCJY), AUCU2)s F70 REST, EPSGs ESMNC.J))
IFCI.GTo1) WRITF (6 604)
RES = RFS + RES
771 CONYINUF
Al = TLCINLCE)
A2 s =1,0°11,04EPSG
Al = =1,0 = EPSq
SMINI = FPSG/105,0
SMIN2 = (A?=A1)/2100.0
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I = NEWCOCAt1e A2» F7» RESY» EPSGs SMIN2)
1FC1.GT,1) WRITE (6 604)

1 = NEWCOCA2s A3 F7s RES2s EPSGs SMIND)
IFCI.GT.1) WRITE (65 604)

TEMP = RESwRES1=~RES2 #GZ/(1,0+T)

GRT = =0,5+*T*SART((1:041,0/T7)%(1,0°TA/T))/P]
G2CUCJ) s QRT*TEMP

AA = BETA

KK = 0

AR = BETA + DEL

SMIN3 = DEL/2100.0

1 = NEWCN(AA» RBs F8,» RES3» EPSGe SMINI)
IFC1,GT,1) WRITE (62 604)

AA = BB

DO 772 KK=1,$S

FK 8 KK

FK = 0,048*FK*FK

BB = BETA ¢ FKa(TU=BETA)

IF(BBsLEsAA) GO TO 773

SMIN3 = (BR=AA)/2100,0

I = NEWCOCAA» RB» FBy» RES» EPSGs SMINY)
IFCI,GT,1) WRITE (6 604)

RES3 = RES3 ¢ RFS

AA = BB

CONTINUE

CONTINUE

G2Su(J) = QRT*RES3I

CONTINUE

LOWER CAVITY STREAMLINE

WRITE (6 631)

G2Ci(ty = 0,0

52SLC1) = 0,0

WRITE (Ao 630) TLCC1)s G2CL(1)» G2SL(1)
At s TA + EPSG

A2 = Al ¢ ?25,0+gPSG

SMINY = EPSG/105,0

A3 = TUCCNUC)

SMIN2 = (A3eA2)/2100,0

AUC1) = =1,0%EPSG

Ay(2) = AUC1) = 10,04EFSG

ESMN(1) = FPSG/105,.0

AyC(3) = AU(2)

ESMN(CI)Y = FESMN(1)

FSMN(A)Y = FSMN(1)

AUC10) s TLCINLC)

D0 78 Jm2sNLC

T s TLC(Y)

NJI = 8

IFCULEQNLC) NJT o 3

1 s NEWCD(ALs A2s F7s RESY» EPSGe SMINI)
IF(1,GT.1) WRITE (6s 608)

I = NEWCOCA2e A3, F7s RES2s EPSGe SMIN2)
[F(1.,GT,1) WRITE (& 604)

TEMP = RESY ¢ RFS2

ACa) = T ¢ 1C,0*5PSG

ESHN(2) = (AUCII=ANCA))Y/2100,0

AU(S) = AUC(Y)

AyC(e) = T ¢ EPSG
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IF(JL.EQA,NLC)Y GN TN 80
A(?7) = T = EPSG
AUCB) s AUCT7) <« 10,0%EPSG
AY(9) = AU(A)
ESMNC(S) = (AUC9)=AU(C10))/72100,0
80 RES = 0,0
DN 774 )J=1,NJT
J2 = 2+ )4
J1 = J?2 = ¢
I = NEWCOCAUCJY)Yy AUCY2)s F7s RESYs EPSG» ESMNCJJ))
3 IF(I4GT,1) WRITE (6 604)
A RES s RES ¢ RES
2 774 CONTINUE
s & TEMP = TEMP ¢+ RES + GZ/(1,0+T)
: k QRT & <0,5¢T*SORT((1,041,0/T)%(1,0°TA/T))/PI
B 62CL(J) = QRT#TEMP
B AA = BETA

: KK = 0
% 88 = BETA ¢+ DEL
a2 SMIN3 = DEL/2100,0
: 1 & NEWCNCAA» BBy FB8s RES3s EPSGe SMIN3I)
IF(1,GT,1) WRITE (6, 604)
AA = AR
00 775 KK=t,S
FK = KK
3 FK =2 0, 04%FK*FK
. 88 = BETA ¢ FK#(TU=BETA)
3 IF(BB.LEsAA) GO TN 755
3 SMIN3 = (BR=AAY/2100,0
I = NEWCOCAA» ARy F8y RESe EPSGs SMIN3)
IFCILGT,1) WRITF (6s» 604)
RES3 = RES3 + RES
AA = B8R
755 CONTINUE
775 CONTINUF
G2SL(J) = QRT*RES]I
WRITE (65 630) TLCCJ)s G2CL(JIe» G2SLC )
7TA CANTINUF

A T vay

COMPUTE WAKE AND FREE SURFACE GRAVITY ARRAYS
THESE ARRAYS ARE INTERPOLATED AMONG TO FORM G3C AND G3S

LORER WAKE

P HIDHIOO

(obod peiyis posma it QGO TR R Lo tn s O Fodaont bad e Cr sl R R

. WRITE (6s 631)
2 Al = TA+EPSG

A?
Al
] Aa
3 AS

A1+25,0%EPShH
THCI(NHC)

TLCINLC)
Aa+10,0*EPSG

A7 *{.0"FPSG

Ab = AT=?S,0%FPgG

AB = A3 = 10,0%FPSH
SMINY = EPSG/105,0
SMIN? (A3=42)/2100,0
SMIN3 3 (AA=A5Y/210n0,0
SMING » (AR=A2)Y/2100,0
WRITE (65 633)

DN 81 Jmis JWLM

T = WL(.)

T v
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I o NEWCO(Ale A2» F7» RES1» EPSGe SMIN1)
IFC1.GT.1) WRITE (6» 604)

I ® NEWCOCA2s A3s F7» RES2e EPSGe SMIN2)
IFC1,6T,1) WRITE (6s 6048)

I » NEWCNCAGs AS, F?» RESIe EPSGs SMIND)
IFC(I,GT.1) WRITE (6» 608)

1 = NEWCOCASs A& F7s RESAe EPSGe SMINI)
IFC1,GT,1) WRITE (60 604)

I = NEWCOCAG6s A7» F7s RESS» EPSGe SMIND)
IFCI+GT.1) WRITE (60 604)

TEMP = RESY ¢ RES2 = RES3I = RESA = RESS ¢ GZ/(1,0+T)
QRT = =0,5+T#SART((1,041,0/T)#(1,0eTA/T))/P]
GCWL(J) = TEMPeQRT

AA = BETA

KK = 0

BR = BETA + DEL

SMIN = DEL/2100,0

I = NEWCO(AAs RBs F8» RESI» EPSGs SMIN)
IFC1.GT.1) WRITE (6» 604)

AA = BR

DO 776 KKs1,%

FK = KK

FK ® 0,08%FK*FK

BB = BETA ¢ FK#(TU=BETA)

IF(BB.LE+AA) GO TN 756

SMIN = (BBR=AAY/2100,0

] = NEWCOCAA» RBs F8s» RESs EPSGe SMIN)
IFCIL,GT 1) WRITE (6 604)

RES3 = RES) + RES .
AA = BR -
CONTINUF

CONTINUE

GSWL(J) = RES3I+QRT

WRITF (6s 630) Te GCWLCJ)» GSWL(JD)

CONTINUE

UPPER WAKE

WRITE (6 6348)

DO 82 Um1a10

T s WUCJ)

1 = NEWCO(Ats A2, F?, RES]s» EPSGs SMINY)
IF(1.GT.1) WRITE (6» 608)

1 = NEWCOCA2» ARs F7e RES2s EPSGe SMINA)
IF(I«GT.1) WRITE (60 608)

1 » NEWCOCAS, A3, F7» RES3» EPSGs» SMINY)
IFC1.GT,1) WRITE (60 604) .
1 ® NEWCDCAGs AS. F7e RESAs EPSGe SNIND)
IFCI.GTo1) WRITE (69 608)

I » NEWCO(ASs 4ps F79 RESSe EPSGe SMINI)
IF(14GT.1) WRITE (60 604)

1 ® NEWCNCAGe A7» F7+ RES6» EPSGs SMINI)
IF(1.6T.1) WRITE (6. 604)

TEMP = RES1+RES24RES3I=RES4=RESSeRESS ¢ GZ2/(1,0+7T)
QRT = =0,5+T*SART((1.,0¢1,0/T7)*(1,0°TA/T))/P]
GCWUCJ) = QRT#TEMP

RES3 = 0,0

AA = RETA

KK s 0

SMIN3 = DEL/2100.0
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BB = AA ¢+ DEL

I = NEWCO(AA» RBs FBs RESs EPSGse SMINI)
RES3 = RES3 ¢+ RES

IFCI.GT,1) WRITE (hs 604)

KK = KK + 1

AA = BR

IF{(KK,Fa,1) GNn T 83

D0 777 KK=2,6

FK = KK = 1

FK 2 0, Ca%FK*FK

BA = BETA ¢ FK#(TU=BETA)
IF(BR.LFeAA) GO TN 757

SMIN3 = (RR=AA)/2100,0

I = NEWCO(AA» RAs FRy RESe EPSGs SMINI)
IF(I.GT,1) WRITE (6s 604)

RES3 = RES3 ¢ RES

AA = BB

CONTINUE

CONTINUE

GSWU(J) = RESI*QRT

WRITE (60 630) Te GCWUCJ)» GSWUCY)
CONTINIE

FREE SURFACE

WRITE (h» 635)

D0 85 Jm1,NFS

T = TFSCJ)

1 = NEWCOCALs A2s F7s RES1s EPSGe SMINT)
IFCI.GT,1) WRITE (69 604)

I = NEWCOC(CAD, AR, F7, RES2e EPSGs SMINZ)
IFC(I.GTo1) WRITE (K 604)

1 ® NEWCNCARs A3s F7s» RES3s EPSGe SMINIT)
IF(I4GTol) WRITE (K0 604)

1 s NEWCN(A4e A5, F7, RES4s EPSGs SMINT)
IFCIs6T.1) WRITE (hs 604)

I = NEWCD(ASs Abs F7» RESS» EPSGe SMINI)
IFCIeGTo1) WRITE (A» 604)

I = NEWCN(CAG» A7 F7s RESGs EPSGs SMINY)
IF(IsGT. 1) WRITE (As 504)

TEMP = RES1+RFS2+4RFSI*RESA=RESS*RESE ¢ GZ/(1,0+7:
QRT 8 =N S*T*SART((1,041.0/7)#(1,0=TA/T))/P]
GCFS(J) = QRT+TEMP

BETWEEN HERF AND LAHEL 106 PRIMARILY SETS 1P INTEGRATINON LIMITS

FOR EVALUATING 63S(T)s T,GT.BETA

AA = BFTA

KK = 0

RES3 s N0

SMIN = DEL/2100,0

BR = AA ¢+ NFL

IF((TeGECAAYsAANL(T4LE.BR)) GO TN 91}
IF((T,LT.AA).AND.((TOEPSG).GT.AA)) AA s TH+EPSG
IFCAA,GF,BRY GN TN 93

BTFMP = RR

IFC(T,GTBRYJANDL((T®EPSG).LT.RB)) BR = T=EPSG
1F{8R,LE.A0) GN TN 94

I 8 NEWENCAA» RBe FBy RESs EPSGs SMIN)
IFCI4GT41) WRITE (As 604)

RES3 = RFS3 ¢ RFS

RR s RTFMP
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94
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97

10n

95

GO TO 93
DD = T=gPSG
IF(DOL,LE,AA) GN TO 92
SMIN s (DD=AA)/2100,0
I = NEWCOCAA» NDes FBs RESs EPSGe SMIN)
IFCI«GT.1) WFITE (6o 604)
RES3 = RES3 ¢« RES
CC = T+EPSG
IF(CCQGEQBR) GN 70 93
SMIN = (RB=CC)/2100,0
1 = NEWCO(CC» RA, FB8y RESe EPSGs SMIN)
IF{1+GT.1) WRITE (6» 604)
RCS3 s RES3 + RES
KK 3 KK+t
AA = AR
IF(KK«EQsel) GO TO 90
DB 778 XK=2,6
FK = KKe}
FK = 0,08+FK#FK
BB = BETA + FK+#(TU=RETA)
IF(BB.LFsAA) GN TO 758
IFCCT.GFEeAA) o ANDs(T4LE.BB)) GO TO 95
IFCCT LT AA) AND, ((T+10,0+EPSG),GT,AA)) GO TO 9¢
IFC(TeGTeBRYIGANDS((T=10,0*EPSGY,LT,B88)) GO TO 97
JF = 1§
Ay(l) = aA
AU(2) = BB
GO TO 106
JF = 2
AuC1) = AN
IFCCT+EPSGYGT.48) AUCY) 3 THEPSG
AU(2) = T+19,0%¢PSG
IFC(AU(2),LT,RB) GN TN 98
JF = 1
GO TO 99
AUC3) = AUC?)
AU(4) = RSB
H0 TO 106
JF = 2
AUC1) = AA
AU(2) = T=10,0%EPSG
IFCAUC?2),GT,AA)Y 6N TO 100
JF = 1
AUC2) = BB
IF((T=EPSG)Y,LT,BR) AU(?2) = T=EPSG
GO T0 106
A(3) = AUC2)
AUC4) = BB
IF((T=EPSG).LT.RR) AU(4) = T"EPSG
GO TN 106
TMTE = T = 10,N4+EPSG
TME & T = FPSG
TPE &= T ¢ FPSG
TPTE = T + 10,04EPSG
IFCCTMTE ,GT ,AA) ,ANNL(TPTE,LT(BR)) GO TN 102
IFCTMELLE.AA) GN TN 103
IFCTHYE,LELAA) 6N TN 1n4
IFCTPELGELRR) 6N TN 108
JF = 3
AUCL) = AA
46
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b AUC2) = TMTF
B AUC3) = AUC?)
-k AUCY) = THF
& AUCS) = TPF
. = AuCe) = 88
- GO TN 106
3 g 105 JF = 2
x AUCLY = AA
. € AUC2) = THTE
& AUC3) = AUC?)
B AUC4) = TME
2 GO TO 106
P 108 JF = 3
- AUCL) = AA
C AUC2) = TME
;. AUC3) = TPF
f AUC4} = TPTE
AUCS) 3 AUCA)
AUC6) = BB
60 TN 106
103 JF = 2

AtCl) = TPE
AUC2) s TPTE
AUC3)Y s AU(T)
AyC4) = BR
GO TO 106

102 JF = &
AuC1)
Au(2)
AUC)
AUC4)
AU(S)
AyCs) TPTE
AuL?Y) AUCA)
AUY(8) = B8

106 CONTINUF

C LNOP 107 EVALUATES THE INTFGRAL FOR G3S

00 107 Jds1,JF
J2 = 2+ 3
Ji = J2 = 1
ESMNCJJ)Y = (AUCJY2)=~AUCJ1))/2100,0
I s NEWCOCAUCJL)Ys AUCJI2)e FBs RESs EPSGe ESMN(J.1))
IFCI«GT.%) WRITE (he 604)
RES3 = RES3 + RFS

107 CONTINNE
AA = AR

758 CONTINUF

T7TR CONTINUF
GSFS(J) SRES3I#QRTY
WRITE (he £30) To GCFS(J)s GSFSCJ)

85 CONTINUF

At
TMTE
AU(2)
TME
TPF

AR L LS Al L B i A LA R R

N e s
[ I BN B NN BN ]

peAn e 4 e e p

ey

v, g

COMPUTE GRAVITY TERMS ALNNG ARC ARNUND Ts=RETA

B s
DOMND

RLSTYT!

THESE TFRMS ARF EVALUATEN CAREFULLY BUT NNT ESPFCTIALLY ACCHURATFLY
EPS3 = 0,001

EPS2 = n,01

WRITE (6» 636)

Js

T 2 RETs ¢ NEL
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GITC(J) = 0,0

GIR(J) = GCFS(S)

GKR(J) = G5FS(S)

GKT(J) 3 *0,5%AL0G(1.0¢2,0%(¢D=YS(T))/(FSQ*PL))

WRITE (6s 637) THEC U oGIRCYI0GITC U e GKRCJI e GKTIC D)
TINC = 0,1#(BETA=TF)

SMIN s TINC/2100,0

00 110 U=2.5

T = THE(JY)

DCT = NDEL*CNS(T)

DST = DEL#SINIT)

XH = (1, 0¢RFTASNCTIY(BETASDCT=TA)=NST#DST
YH = DST*#(1,0°TA+2,04(RBETA+NCT))

TEMP = SQORT(XHeXH+YH+#YH)

XJ = SQRT(O0,5+( XHeTEMP))

YJ = SQRT{0,5¢(=XH+TEMP))

TEM = 1,0+RETA+DCT

DNM = TEM&#TEM ¢ NST#OSY

CORY = GZ#TEM/NNM

CNR2 s =GZ#+0ST/NNM

I 8 NEWCOCAL» A2s F99 RES1s» EPS3s SMINI)
IFC14GY.1) WRITE (hs 604)

I = NEWCN(A2, Ap, F9, RES2, EPS3, SMING)
IFC14GT,1) WRITE (60 6048)

I = NEWCN{AB» A3s F9» RES3I» EPS3Is SMIND)
IFCI4GTo1) WRITE (6o 604)

I = NEWCOC(CA4, A5, F9, RES4s EPS3, SMINI)
IFCI+GT41) WRITE (60 604)

1 = NEWCNCASs Abs F9» RESSs EPS3e SMINI)
IF(1.GT.1) WRITE (6s 604)

I 3 NEWCO(Ags A7, F9, RESSs EPS3s SMIND)
IFCIeGTo1) WRITE (6s 604)

TEMR ® RESI+RESP+RFS3I*RESU=RESS=RESS + cORI
1 = NEWCOCALls A2s F100RESIs EPS3s SMINI)
IFC(I.GT 1) WRITE (6» 604)

I = NEWCO(A2» ARs F104RES2s EPS3Is SMING)
IF(1.GT.1) WRITE (60 604)

T = NEWCN(ARs A32 F10sRES3s EPS3» SMINI)
IFCI.GY 1) WRITE (65 604)

1 = NEWCO(ASG» ASs F10sRES4s EPS3s SMIND)
IFC1.GT,1) WRITE (60 604)

I 8 NEWRNCAS, A6s FI10sRESSs EPS3s SMINI)
IF(IL6T,1) WRITF (6s 604)

I = NFWCO(AARe A7» F102RES6» EPS3I» SMIND)H
IF(1.GT.1) WRITFE (h» 604)

TEMI = RESI4RES2+RFS3*RESA=RESS*RESS + (CNR2?
GIR(J) = =0 ,5¢(XJ+TEMR = Y joTEMI)/PI
GIT(J) = =0,5+(Y J+4TEMR ¢ XJ+TEMI)/P]
FRFE SURFACE TFRMS

RES2 = 0,0

RES3 = 0,0

AA = BETA

NO 781 KK=§te20

B3 s AA ¢ TINC

I = NEWCOCAAs» RRs Fi1s RESs EPS2s SMIN)
IFCI.GT,1) WRITF (& 604)

RES2 = RFS?2 + RFS

I = NEWCNCAA» RRs F12s RESs EPS2s SMIN)
1IFC1.GT,1) WRITF (6» 604)

RES3 = RES3I + RFS
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AA = AR
781 CONTINUFE
DO 780 KK=?,6
FK = KK = |
FK = 0,04%FK+FK
BR = BFTA + FKe(TU=RETA)
IF(BR.LF.AA) G0 TN 760
SMIN3 = (BR=AA)Y/4200,0
I = NEWCOCAA» RBs F11s RES» EPS3s SMINI)
IF(I.GT,1) MWRITE (6, 604)
RES2 a RES? ¢ RES
1T = NEWCOCAAs RRs F12» RESH» EPS3» SMIN3)
IFC1.6GT.1) HWRIYE (6s 604)
RES3 = RES3I ¢ RES
AA =z BR
760 CONTINUE
780 CONTINUF
GKR(J) = =0,5¢(xXJ*RES2 = Y JwRES3I)/PI
GKI(J) = =0, ,5¢(XJ*RES3 + YJ#RES2)/P]
WRITE (As 637) THECJ)4GIR(.J)ISGITCUI»GKR(JI2GKIC )
110 CONTINUE
Jsb
GII(J) s 000
GIR(JY) = GCWU(A)
GKR(J) = GSWU(AK)
GKI(J) = 0.0
WRITE (65 637) THECJIPGIRC.IY*GTI(JUIPGKR(JIPGKIC())

c
C ALL GRAVITY ARRAYS COMPLFTE
c
GN TO0 120
C
¢
(%
999 CONTINUE
srtop
EnD

REENTRANT FORi
NONREENTRA!

RAREEUREERERNRANRRR RSN RN RRA RN RANRRRRCR RN R SRR R SR RAR AR RRENERASRREASRARY:

REAL FUNCTINN FI(F)
¢ THIS FUNCTINN ¢nMPyTES THE INTEGRAND FNR THE PLATE LENGTH
COMMON TA,TN,TF ,LNSTIG,RETA,PI AL ,STA,TH,16
REAL LNSIG
SA 2 ((1eCa2,0%TNeTAI*F (1 ,0®TA)*TN=2,0¢TA)Y/((F=TD)I*(1,04TA))
SB 3 ((1e0+,40%TETAIOF (1, 0°TA)I*TF=?2,0¢TA)/((TF=EX)*(1,04TA))
St & (1,04CARSIN(GA)I4ARSINIGB))/PI #  NSIG*0,5
IFCIG,6T,0) S1 = S1 & GIC(F) + GIS(E)
SA 5 TA=QS+E*(1,0TAY+SQRT(TA*(TAE)*(1,0¢E))
F1 3 SA«FXP(=S1)/(RETA=E)
RETURN
END

CEBRCRRERRERRERRNRRRRRARBARERNNENARNEERRRNNENARNNLSSENERRANERABRSUANERNNNIS,
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REAL FUNCTION F2(E)

¢ THIS FUNCTION CAMPUTES THE INTEGRANDs CALLED ICe FOR CLs CD
COMMON TA»TDsTESLNSIGRETASPIsALsSTANTUSIG

REAL LNSIG

SA 8 ((100420*TD"TA)*F+(1,0"TA)*TN=2,04TA)/((E=TD)I*(1.,0¢TA))
SB 8 ((1,042.0#TE®TA)*F+(1,0°TAI*TE=2,0+TA)/((TE=E)*(1,0474))
S1 & ($,0+4CARSINCSA)+ARSIN(SB))I/PII*# NSIG#*0,5

IFC16,6T,0) St s S1 & GIC(E) + GIS(E)

SA & ®TA+0,S*E~(1,0°TA)*SQRT(TA#(1,0+4E)*(TA®E))

F2 = SA*EXP(S1)/(RFTA=E)

RETURN

END

e AT TR MR RAATEAT T AR

SRAT A

BRRRRRERRERRRCNRARROURERIAARRRARARERRBRERBENARRANLLEBRLRERNRRRRSERRERELRNNS

REAL FUNCTIDON F3(E)

c COMPUTES X=INTEGRAND FNR CAVITY STREAMLINES
COMMON TAsTDsTELLNSIGIRETAWPIsALeSTASTUSIG
REAL LNSIG
COMMON /CS5/ Ts FSFACeD»FSQsPL
TS = 1,0

IF{EelLTe0e0) TS = =i, 0
IFCCEGTeTA) e OR(ELLTe(="1,0))) GO TO 1
$2 = 0,0
IF(E.EQ.(*1,0)) R6 = 0,5*"1
IF(ELEQ.TA) R6 = 0,0
G0 T0 2

1 R1 8 SART((E=TA)Y/(1,0+E))

%
E
g
E
;
E
E
E

R2 = SART((TE=TA)/(1,0+TE))

R3 = 1,0/R1

R4 = SQRT((1,0+TD)/(TD=TA))

RS a ALNG((R24R1)/(TS#(R2=R1))) = ALQG((R34RA)/(TS+«(R3I=RA)))
S2 » 0,5*LNSIG#R5/P]

R6 = ATAN(R1/STA)

2 21 8 S?2+AL=PI+2,0+R6
IFC(IG,GT,0) ZI = 21 + G2C(E) + G2S(E)
RT s CNS(Z1)*E/(RETA=E)
IF(1Gs6GTs0) R? = R?/SART(1,0°YCC(E)*FSFAC)
F3 s R?
RETURN
END

SRRERRRRRRRERRRRRRARRANRARAREIRARERDRABERENURARERERELARINENANNAANNRILAIELN

REAL FUNCTION Fa(E)

COMPUTES Y=INTFGRAND FNR CAVITY STREAMLINES
COMMON TAoTDsTFoLNSIGIRETAsPI»ALISTASTUSIG
REAL LNSIG

CNMMON /C5/7 Ts FSFACeDsFSQePL

TS = 1,0

IF(ELLT.0,0) TS = =§,0
IFCCE.GTaTA) DR (ELLT("1,0))) GN TO 1

S? s 0,0

IF(EFO(=1,0)) R & N,Se*P]

IF(EOFQQYA) RA = 0.0

O
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GO 10 2

R1 SART((E=TAY/(1,0+E))

R2 SART(CTE=TAY/(1,0+TE})

R3 1.0/R1

Ra SOART((1,0+TN)/(TD=TA))

RS ALNGCC(R2+R1)/(TS«(R2=R1))) = ALNGC({(R3+R4)/(TS*(R3I=R4E)))
52 0«5*LNSIG*RS/P1

R6 ATAN(RL{/STQA)

? 11 3 S?2+AL=P]+2,0¢R6

IFC(IG,GT,0) 21 = Z1 + G2C(E) + G2S’7y

R7 = =SIN(ZI)*F/(RFTA=F)

IF(IG4GT 0) R7 = R7/SQRT(1,0=YC(E)*FSFAC)
Fa = R?

RETURN

END

T

R

i

Ve

ERERRREREARERRNNENREC RO RARARKARERRERRNRRRRR AL RASRNRRLEARRARRERERRERRABENRED

REAL FUNCTINN FS(E)
¢ COMPUTES X=INTEGRAND ON WAKES AND FREE SURFACE
COMMON TA»TDs TFLINSIGIRETAsPLsALPSTANTIsIG
REAL LNSIG
COMMON /CS7 Ts FSFACKDsFSQ@sPL
R1 = SQRT((E*"TA)/(1,0+F))
R2 SQRT((TE=TA)/(1,0+TE))
R3 1.0/R1
R4 SART((1,0+TD)/(TD=TA))
RS ALAGC(R1+R2)/(R1°R2)) = ALNG((A3*R4)/(R3I=RA))
R6 ATANC(RL1/STA)
GAM = 0,5¢RS*{NSIG/P] +AL"P[*2.0*R6
IFCIG,GT,0) GAM s GAM + G3IC(E) ¢ G3IS(E)H
R? a CNS(GAM)*E/(RETA=E)
IFCELGT,RETA) R7? 3 R7/SART(1.0+42,0+#(D=YSCEI)/(FSQ*PL))
FS = R7?
RETURN
END

T R T e TP E T e e

i
E

ERERRRNRRBAERELRBRRNERERELAURVRERAARURERARARSRALERRANNLLERR2ERSNARAALNAASERNEY,

REAL FUNCTINN Fga(E)
Cc COMPUTES YSINTFGRAND ON WAKES AND FREE SURFACE
CAMMON TASTNsTFINSIGsRETAePISALSISTASTIs G
REAL LNSIG
COMMON /€57 T, FSFAC,D,FSAQ,PL
R1 = SORT((FE=TA)/(1,0¢F))
R2 SART(ITE=TA)/(1,0+TED)
R3 1.0/R1
R4 SQRT((1,0+TD)/(TD=TA))
RS ALNGC((RI*R2Y/(R1=*R2)) = ALNG((RI®RE)/(RI=R4))
R6 ATAN(R1/STA)
GAM 3 (,S*RS*LNSIG/P] +A =P1+2,0N*RA
1IF(1G,6T,0) GAM s GAM + G3IC(E) + G3IS(E)
R7 a *SIN(GAM)*F/(RETA=E)
IF(E.GT,RETA) R7 = RT/SQRT(1,4042,04(N=YSC(E))/(FSQePL))
Fe = R?
RETURN
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ERBRRERBRLIERRURERRABRRRRRABRARARRARERARRARNARARRRLEREREERARIRENS RN

INTEGER FUNCTINAN NEWCNCAsRsFUNCTSRESULTSTOLERCSTEP)
otk AP AR AR kN AR A AR AR AR RN RN RN RN AN AR A NN A RN ARG AN
RN AR AR R AN R AN AN AR AR A AT AN RN NN RN R RO R RN RN SRR AN SRR A RS
Ce

*
Ce THIS FUNCTION SUBPROGRAM INTEGRATES A FUNCTION BETWEEN THE *
Cw BETWEEN GIVFEN LIMITS UUSING THE NEWTON=COTES FIVFE POINT FORMULA *
Cw (SFE HILDERRANN, INTRODUCTION TO NUMERICAL ANALYSIS» MC GRAW® *
C* HILLs P71 AND FF)e THE INTFGRATION IS PERFORMED BY BREAKING *
Ce THE INTERVAL INTO SUCCESSIVELY SMALLER SUBINTERVALS AND *
Ce INTEGRATING EACH USING THE REFERENCE FORMULAe THE SUBPROGRAM *
Cw RETURNS WHEN THE PFRCENT DIFFERENCE BETWEEN THE RESULTS FRNOM Tw0 #
Ce ADJACENT ITERATIONS IS LESS THAN A STATEN TOLERENCE OR THF *
Ca INTERVAL WIDTH IS LESS THAN A GIVEN MINIMyM, *
Co THE CALL IS *
Ce 1 « NEWCOCA»RsFUNCTPRESULT»TOLERSSTEP) WHERE *
Ce & 1S THE LOWER BOUND OF INTEGRATION *
Ce R 1S THE UPPER BOUND OF INTEGRATION »
Ce FUNCY IS THE FUNCTION T0O BE INTEGRATED N
Cw RESULY 1S THE VALUE OF THE INTEGRAL &
Cw TOLFR IS THE ACCURACY DESIRED (SEE ABOVE) *
Cw STEP TS THE MINIMyM ALLNWABLE STEP (SEE ABQVE) "
C» *
C« I Is SEYT EQuAL TO *
Cw 1 IF THE RESULT RETURNFD WITHIN THE TOLERENCE *
Ce 2 IF THF MINIMUM STEP WAS EXCEEDED *
Ce *
Ce IN BROTH CASES RESULT CONTAIN THE VALUE OF THE INTEGRAL TO *
Ce THAI POINV. *
Co *

P R S T R Ry N R X R X R R 2 Y
(S A R A L N N R R R R RS R X R X SR T RY
AMB = B = }
IFCAMBJEQeN.0) GN TO 101
At R R AR RN AT RN NN RN R AN I RO RO R AR RN NN NN AR NSk
Co INITIALIZE 1TERATION »
T R R I I I L R R A LY
00DOLND = FUNCT((A®R)/2,0)
EVENS =(FUNCTCA)+FUNCT(B))/2,0 + NNDOLD
NN =2
1 H2s AMAR/FLNAT( NN)
X ® A ¢ H2/2.0

SUM = 0,0
Y A A R R I R I N R R R R R R R R T R
Ce ADD UP nDD TERMS »

CaN AN R AR AN A R AR AR RN N AR IR AR RN R R ARG AU AR RN A AN AN AN NSRRI R bbby
00 2 1 = 1,NN
SUM s SiyM + FUNCT(YX)
2 Xs X+ WO
ODODNEW = 2,04S1IM/F1. OAT(NN)

(2222222 R R AR A R RS X R R R X AR R R R AR AR X X R R R X 2R ASRAR RSN Z2 L

Ce COMPUTE RESHLT = (7+EVFEN TERMS = QOLD 0NN TERMS ¢ 16+NEW 0NN *

Ca TERMS) /45 = *

Ce SUM (2H(TFN+32F14¢12F2+432F3+47F4)/745 OVER ALL INTERVALS *

R R R I I I
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ANSWER = AMB*(7,0+#EVENS = nDDOLD + 16,0+ NDDNEW)/45,0
IFCANSWFR,FQ,0,0) 60 TN 101
IF(NN.EQ.2) GO TN 3
c.tittitﬁttt*tttitii**titt*ttiﬁﬁtﬁi*ittiittittttitttttiiiit#tttttﬁti.tti
Ce COMPARE CURRFNT RESULT WITH OLND RESULT AND REVURN IF WITHIN *
Cw TOLERANCE ELSF DIVIDE INTN NEW INTERVALS AND ITYERATE *
Cifiﬁ*ﬁi'tiittiittﬁtitttittiﬁitiitiitﬁtttttttttiiittﬁt*tittiititﬁtitiiii
IFCABSCCANSWER*RFESULT)I/RESULT)LE.TOLERY GO ¥Nn 100
3 RESULT s ANSWER
NN 3 NN ¢ 2
EVENS a (EVENSe DNDNEW)/2.0
ooooLNd = ONDNNEW/2,0
IFCABS(Y42).GT.STEPY GN TN 1
NEWCD = 2
RETYRN
101 RESULT = 0,0
100 NEWCO = 1
ReTYRN
END

RABRARRRRRARNRRRRARRNRNRRRRRRERRNLRERRRARORERARARRRRERSERRARRANERAERALANLERS

FUNCTINN ARGZ(YX,Y)
(4 COMPUTES ARGUMENT NF ZaX+1Y, =PI LT+ARG,LE.PI

IFI(X) 1,243

3 ARGZ = ATAN(Y/X)
RETURN

? 1FCY) 40596

4 ARGZ = = 1,57079633
RETURN

5 ARGZ = 0,0
RETURN

A ARGZ =3 1,57079413
RETURN

1 IF(Y.GF.0,0) ARGZ = 3,141592654 4 ATAN(Y/X)
IFCY.LT,0.0) ARGZ ==3,141592654 ¢ ATAN(Y/X)
RETURN
END

RRRRRRRRBARR AR RRERNCR RN RARNRRACALENCERANBARLNER RSN RRERARRAAGKARAARRRERARNS:

REAL FUNCTION XARC(X)
c COMPUYTES X=ARC INTFGRAND
COMMNN TAsTDs TFoLNSIGeRETAsPIsALSSTASTIHIG
REAL LNSIG
COMMON /C1/ DELs R?» R4
2=X
CaLL ARC(Z. Z2Rs Z1)
A = (RETASNFL&CNS(Z))@SINCZT) » NELSIN(Z)«COSC2])
XARC = A/EXP(ZR)
RETURN
END

SARERERNBRBRRERRANNERARRERRRARNREAERIRERRARRRRARRERRARERLRNERARSRRNRASRENNES.
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DO

REAL FUNCTION YARC(X)

COMPUTES Y=ARC INTEGRAND

COMMON TA-TNeTELLNSIGeRETAsPIoALsSTALTI)IG
REAL LNSIG

COMMON /C1/ DEL, R?» Ra

2sX

CALL ARC(Z, ZRy 21

A = (BETA+DEL#COSCZ))#COSCZT) + DEL#SIN(Z)I+SINCZI)
YARC = A/EXP(ZR)

RETURN

END

PABERERERRARRRARRRERRURARRRLRRRRRRRURSRRERARRARDRASRARAENARARERANNARERNNES

SURROUTINE ARC(Xs ZR, Z1)

COMMON TA»TNsTELILNSIGeRETASPIsALSSTANTHe1G
REAL LNSIG

COMMDN /C1/ DELs,» R?» Ra

DC = DEL*CAS(X)

DS = DEL#SIN(X)

XA = RETA=TA+0C

X8 = BFTA+1,0+NC

YA = 0S

XDNM & XR#XRB + YA#YA

XC = (XA*XRB+YA*YA)/XONM
YC = YA«(XR=XA)/XNNM

SC = 0,S5*SART(XC*XC ¢+ YC#Y()
XD = SART( 0,5+%C+ SC)
YD = SQRT(=0,5#%xC+ SC)

IF(YCQLTQOQO) XD L] .XD
XONM = XA#XA+YAxYA

XE = (XA®XR4YA*YA)/XDNM

YE = YA+(XA=XRB)/XDNM

SE 0.S*SORT(XE*XF+YE*YE)
XF = SORT( 0,5+xXE ¢ SE)

YF = SQRT(®0,5+XF + SE)
IF(YE.LT.OQO) Xf = =XF

XG = XN/STA

YG = YD/STA

TI 3 0,S*CALOGI(XG*XG*(1.0+YG)*#2) = ALNG(XG*XG*(1,0"¥G)**2))
TR = = ARGZ(XGso(1,0%YG)) + ARGZ(=XGo(1,0"YG))

XH = XRaXA = YAaYA

YH a YA»(XA+XR)

SH 8 0,5*SQART(XHAXH ¢ YHeYH)

XJ = SORT( 0,45+XH + SH)

YJ = SQRT(=0,5+XH + SH)
IFCYH,LT.0,0) Xy = =Xy
DETERMINE G3C HERF

G3CR s 0.0

1FCIG,GT0) G3CR = GIRI(X)
63Ct = 0.0

IF(IG,GT,0) G3C1 = GITT(X)

DETERMINE G3S WERF

G3SR = 0,0

IFCIG,GT,0) G3SR = GKRI(X)
G3S! = 0,0




IFCIG,GT,0) G3ST = GKIT(X)
¢ .
X1 XD ¢ R?
X2 XN = R?
X3 XF + Ry
X4 XF = Ry
SR = ALNG(Xt#X1+YNaYD) = ALNG(X24X2+YDaYD) = ALNG(X3I*XI+YFeYF)
1ALOG(X4eX4eYFRYF)
SR = 0,25+« NSIG#SR/PI
ST = O, SeLNSTG*(ARGZ(X1sYD) = ARGZ(X2sYD) = ARGZ(X3,YF) + ARGZ(YXA4,
1YF))/P1
. IR = =S1 =T1 =G3C! =G3slI
é p 21 = SR +Al ~P! +TR +GICR +G3ISR
N RETURN
f END

e T sy e
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REAL FUNCTION YC(YX)
COMMON TA TNsTFLINSIGeRETAsPIAALSSTANTUWIG
RFAL LNSIG
COMMON /C2/ TLGCs TUuC» YLCs YUC
DIMENSTION TLCC100)»TUCC100),YLCC100)sYUC(100)
COMMON /C37 ENLCIENUCIENFSoNLCsNUCHNFS
IF(X) 1,1,2
c GIVES YC(X) FNR ¥Y,LE.*1.0

1 J = 1,0 ¢ (1,0+X)I*FNLC/7C1,04TD)
IFCJoGF NLCY JUsNLC=1
YC 5 YLC(J)Y ¢ (XoTLC(JII#(YLC(Jet)mYLC(UII/ZLTLCCI+t)=TLCCY))
RETURN

¢ GIVES YC(X) FAR X,GE.TA

? IF(XeGT, (3,0*TA)) GO TO 3
J % 1,0 ¢ 2,5#(X/TA = {,0)
6N 10 4

T J 3 6,0 ¢ (X"3,0*TAIY(ENUC=S+0)/(TF=3,0+TA)
IFCJsGF,NUC) .I=NUC~1

8 YC 3 YUCCJ) + (X=THCC U (YUCCIo1)=YUCCY)I/Z(TUCC(Je1)=TIC(J))
RETUYRN
END

A Yo T et e

ERBRRREERERARRNERARN RO LACERRERLERRURERRERRRR AR RRELR AR ERASARARERRSRNLEE,;
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REAL FUNCTION YS(X)
COMMON TAs TN TFLILNSIGeRETASPISALISTASTI1G
REAL LWNSIG
COMMNN /C1/ DELs R?2» R4
CAMMON /€37 ENLCsFNUCosFNFSeNLCoNUCSNFS
cnMMON /C4/ TFS, YFS
DIMENSTIAON TFS(100),YFS(100)
COMMON /€57 Ts FSFACHDFSQsPL
IF(X, 6T, TFS(S)) GO TN ?
J ® 10.,0#(X~BETAY/(RETA=TE)
IF(JLT,1) GN 10 4
GO 10 3

2 J % 5,0 % (FNFS=4,0)¢ COXTFS(S)Y)/(TIRETA®DFL))**0,3331313)3
IF(JaGENFS) .JaNFS=]
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c INTEGRAND FOR 6S(T)

T v Seen s e . . . ~

T YS 8 YPS(J) + (XaTFS(J))aCYFS(Jel)aYFSCY)I/Z(TFSCJe1)aTFSCU)
RETURN

4 YS = N & (X*BETA )#(YFSC1)=D)/(TFSC(1)=BETA)
RETURN
END

ERARRRERRRRERARARARRRARARERARANSLERRRBEANENANLRRARERRRNANARRENRBARARARAG ALY,

REAL FUNCTINN F7(X)
¢ INTEGRAND FOR 6C(T)
COMMON TA,TO,TE,LNSIG,RETA,PI,AL,STA,TU,IG
REAL LNSIG
COMMON /C5/ To FSFAC»DsFSQsPL
A 3 ALOG(Y,0°YC(X)I*FSFAC)
B 3 (XeT)*SQRT((1,0+X)#(X=TA))
F? = A/B
RETURN
END

PRRRLBERERRRARARRAARURRARRRARARALRARRARNLESRANRRERERLRRRRAARIERARAALEREERS

REAL FUNCTION Fa(X)

COMMON TA»TNeTFLNSIGsRETA»PIsALSSTALTU»IG
REAL LNSIG

COMMON /CS/ Te FSFACIDaFSQsPL

A ® ALNG(L,042,04(D"YS(X))/(FSQePL))

B = (XoV)*QQRT((1,04X)#(X=>TA))

F8 = A/R

RETYRN

END

RRRARARRVRRRRRRRNRRRERRRRARRARRAARRRRARERAERARBARRSRRELRRRARRSRER RN,

REAL FUNCTION GIC(X)

COMMON /C6/ TCF, GCFs GSF

DIMENSION TCFC11)sACF(11)sGSFC(1Y)

J B 1,0 ¢ 10,0°(X¢1,0)/(TCFC11)+1,0)

IF(J.GT,10) Jsin
G1C = GCF(.)) ¢ (GCF(J*1)I=GCF(JII*(X=TCF(J)I/(TCF(J*1)I®TCF(J))

RETURN
END

CRRRBRRRRRRRERRRAARNLRRARERELRNELRERRARREARANNNRRSARRESRASRBALARRNERLLENRASN:

REAL FUNCTINON A1S(X)

CNMMON /C67 TCF, GCF» GSF

DIMENSION TCF(11).6CF(11),G6SF(11)

J s 1,0 ¢+ 10.0'(!41.0)/(TCF(11)01.0)

IF(Je6GT10) Js=1p

Gx; 8 GSF(J)Y ¢+ (GSF(JI+1)=GSF(UI)I(XeTCRIUII/C(TCF(J*1)=TCF(.1))
RETURN

—
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END
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REAL FUMNCTION G2C(X)
COMMON TAS»TDsTELILNSIGeRETASPISALSSTANTUNIG
REAL LNSIG
COMMON /C7/ G2CU»G?2SUsG2CL s G2SL
DIMENSTION 62CUC100)¢G2SUC100),62CLL100),625LC100)
COMMON /C2/ TLC» TUCs YLC» YUC
DIMENSINN TLCC100),TUCC100),YLCC10N),YUC(100)
COMMON /7C3/7 ENLCoFNUCIENFSsNLCoNUCNFS
IF(X,LT,0,0) GN TN 2
¢ UPPER CAVITY RNYNDARY

IF(X,GT,(3,0+Ta}) 6N TN 3
J® 1,0 ¢ 2,5%(xX/Ta = 1,0)
GO TO 4

T J % 6,0 ¢ (X*3,0%TA)*(ENUC=5,0)/(TE=3,0#TA)
IFCJ,GENUC) JaNUCel

4 G2C ® G2CUCJI*(X™TUC(JII*(G2CUCJI*+1)I=G2CUCJ)I)/Z(TUC(J*1)=TUC(J))
RETURN

c LOWER CAVITY BOUNDARY

2 J =% 1,0 ¢ (1,06X)#FNLC/C1,04TD)
IF(JeGF (NLCY JaNLC=1
G2C 3 G2CLE I+ y=TILCCI*(G2CLE J¢1I=G2CLE NI/ (TLCC Y+ =TLC( J))
RETURN
END

BRSRRRBRERRENRNERERRAR R AN R RAS AR RN AN REARARARR NGRS RENSEARARRRNERRARAERRERARNRL,

REAL FUNCTINN G2S(X)
COMMON TA» TN TFALNSIGeRETA»PISALSTASTINIG
REAL LNSIG
COMMON /€77 G2CUeG2SUeG2CL» G2SL,
DIMENSTINN G2CUC100YoG2SUC100)G2CLCL100)»G2SLC100)
COMMON 7C€2/7 TLCs» TUCH» YLCe YUC
DIMENSTINN TLCC100)Y,TUCCI00)Y,YLE(100),YHHC(100)
COMMNN /C37 ENLCsENUCIFNFSeNLC»NUCPNFS
IF(X,LT,0,0) GO TN 2
UPPER CAVITY BNy NDARY
IF(X,GT,(3,0+TA)) GO Tn 3
J 3 1,0 ¢ 2,5%(xX/TA = 1.0)
Gn T0 4
T J % 6,0 ¢ (X=3,0%Ta)*(FNUC*S,0)/(TF=3,0%TA)
IFCJ,GE ,NUC)Y J=NUC=1
4 625 = G2SUC.))*(X=TUCCJIII*(G2SUCJI*1H)*G2SU(JI)/ (THC(JI*1)H)=TuUC(J))
RETURN
¢ LOWER CAVITY BNUINDARY
2 J 8 1,0 ¢ (1,08X)FNLC/(1,0+TD)
IFCJsGF NLEY JeNLC=1
G2S = G2SLO I+ (x=TLCO g« (62SLE 1) =G2SLO I/ (TLCC sl =TLLCy))
RFTURN
END

o
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E REAL FUNCTINN G3C(X)
§ COMMON TA»TNsTF,LNSIGsRETAsPIsALISTASTU»1G
5 REAL LNSIG
] CAMMON /C3/ ENLCsFMUCPFNFSsNLCoNUCINFS
COMMON /C4/ TFS. YFS

DIMENSINN TFSC100),YFS(100)
COMMON /CB8/ WL, WU sGCWU,GSWU,GCWL »GSWL
DIMENSTINN wWLC(20)sWlI(10)sGCWUCL10)sGSWUC10)»GCHLC20)0GSHL(20)
COMMON /C9/ JWLM
COMMON /C1C/ GCFSe GSFS
DIMENSINN GCFS(100)s GSFS(100)
2 IF(X,LT,0,0) GO TN 2
) IF(X,GT,BETA) GO TO 3
[ UPPER WAKE
J 2 1,0 & 10,04(X=TE)/(BETA=TE)
IFCJ,GT,9) Jm9
G3C = GCWUCJ) + (X*"WUCJ))I*(GCHU(J+1)=GCWUCJ))Z(WUCJe1)"WUCS))
RETURN
¢ LONER WAKE
2 J =1
IFCXoGT HLCUNLM)) GO TH 5
J B JWLM =
GO TO 6
5 IFC(XeLEoWLCJ)YAND (X .GT,WL(J+1))) GO TO 4
J= g+
GO TD 5
8 IFCJ,GE UNLM) J = JWLM = 1
6 G3C & GCWL(J) + (X=WLCJ))I*(GCWL(J*1)=6GCHLCJ))IZ(WL(J*+1)NL(J))
RETYURN
FRFEE SURFACE
3 IFCX,LT,TFS(5)) GO TO 7
JuS,0 ¢ (ENFS®0,0)*((X=TFS(S))/(TFS(NFS)*TFS(5)))*+*0,33333333
IFCJsGELNFS) JsSNFS=1
GO 70 8
7 J % 10,00(X=BETA)/(BETATE)
R G3C = GCFS(J) * (GCFSC.U*1)°GCFSCUII*(X"TFSCJ)II/(TFS(J*1)"TFS(J))
RETURN
END

o e sy gy
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REAL FUNCTION G3IS(X)
CNMMON TAsTDeTF,LNSIGsRETAsPI2ALsSTALTI1IG
REAL LNSIG
COMMON /C3/ ENLCsENUCIENFSoeNLCosNUCHNFS
COMMON /7C4/ TFSs YFS
DIMENSINN TFS(100):YFSC(100)
COMMON /C8/ WL ,WUGCWU,,GSWII,GCWL s GSHWL
DIMENSINN WL(20)sWIHCI0Y2GCWIICI0)s GSWUCL10)eGCHWL(P20)2GSWL (20)
COMMON 7C9/ JWLM
COMMON /C10/ GCFSs GSFS
DIMENSION GCFS(100Ys, GSFS(100)
IF(X,LT.,N,0) Gn Th 2
IF(X,GT,BETA) GN T 3

€  UPPER WAKE

J 8 1,0 4 15,00(X=TE)/(BETA=TE)
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IF(JU.GT,9) J=9
G3IS = GSWUC) & (X=WUCJ)I*(GSWIICJ+II=GSHUCJIIZCWUCI*1 ) =W (.)))
RETURN
c LOWER WAKE

2 J s
IF(X.GT,NLCJWLM)) GO TN S
J B OJNLM =
GO TO 6

S IFCCXQLFeWLCJ) Y AND (X GT WL L(J+1))) GD TO &
J= g o+t
Go TO 5

8 TFCJeGE JWLM) J = JWLM = 1

A G3S = GSWLC ) & (xX=WLC DI*(GSWLEJ*1)=GSWLEU)I/CWLE Jet1)=wiC y))
RF.TURN

c FREE SURFACF

3 IF(X.LT,TFS(5)) GO TN 7
Ja© .0 + (ENFS=8,0)*((X=TFS(5))/(TFS(NFS)®TFS(5)))*+0,33333333
IF{JeGELNFSY JaNFS®!
Go 1O 8

7 J 2 10,08(XeRETAY/(RETASTE)

R G3S = GSFSCJ) * (GSFS(JU*1)=GSFS(JII*(X=TFS( )/ (TFS(J*1)=TFS(J))
RETURN
Enn
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RFAL FUNCTION Fo(X)

COMHMON TAsTNs» TELULNSIGIRETASPIsALsSTASTIINIG
REAL LNSIG

COMMON /C1/ NELs R?» R4

COMMON /CS/ Te FSFACKDsF5QsPL

A 3 ALNG(L,0=YC(X)*#FSFAC)

B = X=*RETA=NEL*COS(T)

C = DEL*SINCT)

E s B/(RB*B+Cx(C)

B = SQRT((1,0+X)«(X=TA))
F9 = A*E/A

RETURN

END
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REAL FUNCTINN FI0(X)

COMMON TAsTNs TF o NSIGsRETAWPI AL sSTA»THs 1
RFAL LNSIG

COMMON /7C1/ DEL, KZ» R4
COMMNN /CS5/ Te FSFACNsFSAePL
A s ALNG(Y,0=YC(X)#FSFAC)

A X*qFTA=DEL#CNSC(T)

c DEL#SINCT)

£ C/(R*R+C*C)

B 3 SQRT((1,0eX)e(¥=TAY)

F10 =  A*E/R

RETURN

END

59




B R K G A R i Tk e s ESlR S ASER J IR AT e S S K I U~ S B A i e o 2t e W L L L SR SOOI TN TR R T P \J\J‘f*‘-*’-ﬂ‘!-’?“:"-t"ﬂmmg

Leid b oLy ey

ERBRRRRRERRRERRRERRRNARNEINRRERERRRARRRARARRALRBRUCIRRASRBRRARNARARINRARERE

TN S B R R T T

saiing

REAL FUNCTION F11(X)
COMMON TA»sTNsTELLNSTIGoHETA»PIsALSSTASTI»I1G 3
REAL LNS1!G ;
COMMON /C1/ DEL, R?» Ra

COMMON /CS5/ To FSFACsDsFSQsPL

A% ALOGC1,042,0%(NeYSCX))/(FSQaPLSY)Y
B = X*BETA=DEL+COS(T)

C = DEL#SINC(T)

E ® B/(R#B+C*()

B s SQRT((1,04X)e«(X=TA)Y)

Fil = A*E/R

RETURN

END
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REAL FUNCTION F12(¢X) E
COMMON TA»sTDRTFoLNSIGsRETASPISALSSTASTU»IG 3
REAL LNSIG 3
COMMON /C1/ DEL, R2»s RA i
COMMON /€57 Ts FSFACsDsFSQesL ;
A 2 ALNG(L,0%2,0*(N*YSIX))/(FSQ+PL)Y)
8 = X=RETA=DEL+COS(T)

C = DEL«SINCT)

€ ® C/(R*BeC*C)

B = SQRT((1,04X)a(X=TA))

F12 = A*E/R

RETURN )
END
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REAL FUNCTION GIRI(X)

COMMON /C11/ GIR:GTIsGXRIGK] e THE

DIMENSTAN GIR(A)IeGTI(6IsGKR(E)sGKICH)» THE(S)

J % 1.0 « 5,00X/3,141592¢.54

IFCJ,GT,5) ;5

GIRI = GIR( v ¢ (GIR(J*+1)I=GIR(J)I*(X=THE(J))I/0,A2831853C¥
RETURN

an
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REAL FUNLTINN GTITIC(X)

CNMMON /C11/7 GIRsGITeGKReGK] o THE

DIMENSINN QGIR(A)YsQGTI(A)oAKRIE) s GKI(6)» THE(S)

J % 1,0 ¢ 5,0X/3,141592654

IF(JGT,S) =S

GIT{ = GIICJ) ¢ (GUTI(J*1I=RIIC())I*(X*THE(J))/0,A283185308
RETYRN
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END
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REAL FUNCTINN GKRICX)

COMMON /C11/7 GTR,GITsGKRsGKT» THE

DIMENSTON GIR(CAIsGUII(6I»GKR(6)»GKIC6)e THE(H)

J S 1,0 ¢ 5,0%%X/3,141592654

IFCJ,G6T7,5) Jas

GKRI = GKR(J) * (GKR(J+1)=GKR{JII*(X=THE(J))/0.5283185308
RETURN

END
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REAL FUNCTTIAN GKIT(X)

COMMON /C11/ GIRsGI1»GKRoGKIs THE

DIMENSTINN GIR(A)»GTIC6)»GKRC6)sGKI(E)»THE(S)

J T 1.0 + S.0%X/3,141592654

IF(J.6T,5) J=S

GKIT = GKI(J) * (GKICJU+1)I=GKI(J)I*(X=THE(.J))/0.6283185308
RETURN

END

CERREREROR BN RN LRA AR RN C RN B URRNLRARRARRAR RN LRARRRERGRARRARRARREREY)

REAL FUNCTION F13(Y)

c YSED IN COMPUTING R2G

COMMON TA»TDsTFLLNSIGesRETASPISsALSSTASTHSIG
REAL LNSIG

ChHvMdl /057 Ts FSFAC»DsFSAPL

A & ALNGCL,0°YC(X)I*FSFAC)

B = SQATC(1,04X)«(X~TA))

¥13 = A/R

RETURN

END

PASRERERRY N PSR R AR R R SRR IRNAARERA AR RN RN BARNCRACRARRRRBRAERREEREL RN

REAL FUNCTINN Fia(X)

USED IN CAMPUTING R2G

COMMOM TAsTDeTFLLNSTIGIRETAsPI»sALsSTA»THIG
REAL LNSIG

COMMON /C57 To FSFACHDWFSQsPL

A& LLNGIT10¢2,02(N=YS(X))/(FSNePL))

B s SART((1,04X)e(X=TAY)

F14 = A/R

RETURN

Enn
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TCTAL PROGRAM CODE = 05101 WORDS, ARRAY STORAGE = 01948%i wWiRDS,
NUMBER NiF PROGRAM SFGMENTS = 0043, NyMBER NF DISK SEGMENTS = 00001,
ESTIMATED CORE STORAGE REQUIREMENT = f@ggg: WORDS.

0

62




e o it LA RR T Lok TS Y ey W,

19POW Xxa3xo0A-Textds-aiqnoq ‘sueld TeITSAUd 9yl "1 dIn3d1g

J % n
Vo)

Syt

Y
/ Ill\\l!l
{A)°b

L

Cd  ainssaig duaydsouny

TR LR OO AT

éﬁﬁmﬁmﬁE&ﬂmmﬁ:ﬁuﬂ&«wwwmnﬂg,gmkﬁwwu&nﬁggtxhutFi......ruc; e o sl ek 07 N R B KA
ala TTY sttty o oSty

g it o 8Ly kg ftlieh) Gk a8 R Bt e Fe G b




AT

RIS ST TS ] WU AV g KA

o e = r——" A .

R LR TSNP

B
m

Figure 2. The Complex Potential Plane
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Figure 3. The t-plane

64

- <+W




